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Arr. .—On the Tides of the Western Coast of the United States. 
— Tides of San F'rancisco Bay, California ; by A. D. Bacue, 
Superintendent U. S. Coast Survey.* 


Trpat observations have been made, in connexion with the hy- 
drography of the Coast Survey, at several points on the Western 
coast, agreeing in showing the same interesting fact of the large 
diurnal inequality of the tides, already traced by Mr. Whewell 
in the observations at the Russian settlement of Sitka. 

The diurnal inequality in height of the tides on the Atlantic 
coast is much more considerable than in Europe, and the diurnal 
inequality of interval is also well marked ; but both require nu- 
merous, carefully made observations to establish their laws, in con- 
sequence of the particular relation between the semi-diurnal and 
diurnal waves. On the Gulf of Mexico west of St. George’s Isl- 
and, the semi-diurnal tide is almost merged in the diurnal, but 
the total rise and fall is quite small. 

At Key West, and along the western coast of Florida, where 
the diurnal inequality is large, the whole rise and fall of the tides 
is small, rendering numerous observations necessary to obtain re- 
liable numerical results. The same is not the case on the West- 
ern coast ; observations made for a short period through the whole 
twenty-four hours showing a peculiarly large diurnal irregularity 
asthe most remarkable phenomenon of the tides. It becomes 


* Report of the Superintendent of the Coast Survey, showing the progress of the 
Survey during the year 1853. Washington, 1854. p. *77—82*. 
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one of great practical importance to the navigator; for, in San 
Francisco bay, a rock which has three and a half (33) feet of 
water upon it at the morning high water, may be awash at high 
water of the afternoon; and charts, of which the soundings are 
reduced to mean low water, will have no accurate significance, 
being liable to an average error of the soundings at either low 
water of the day, of 1°18 foot. 

The results which I now present, and propose to discuss, are of 
two series of tides observed in connexion with the Coast Survey 
at Rincon Point, in the city of San Francisco, California. The 
observations were under the direction of Lieutenant Commanding 
James Alden, U. 8. Navy, one of the assistants in the Coast Sur- 
vey. They were made hourly, except about the time of high 
and low water, when the regular intervals were fifteen minutes, 
and the attempt was made to seize the precise time of high and 
low water. 

The first series extended from January 17 to February 15, 
1852, and the second from January 23 to February 17, 1853. 
Another set of similar observations was made at Saucelito, on 
the northern side of the Bay of San Francisco, but not with the 
same care which appears to characterize these. ‘The results are 
in general accordant with those deduced from the Rincon Point 
series. 

The reduction of the work of 1852 was made by Mr. W. W. 
Gordon, and that of 1853 by Messrs. Fairfield, Mitchell, and 
Heaton, of the tidal party of the Coast Survey office. 

The results of 1852 are projected in the curves shown in dia- 
gram A, where the abcisse represent the times from 0 hours mid- 
night, and the ordinates represent the heights. The scale is such 
that the intervals between the vertical lines correspond to two 
hours, and between the horizontal lines to half a foot. The 
curve begins with midnight of the calendar day, January 16, 17, 
and ends with noon of February 15. The epochs of the moon’s 
phases, and of zero, and of maximum declination of the moon, 
are marked at the head, and the times of transit at the foot of the 
diagram, the curves upon which, for convenience of the page, 
have been divided into two parts, so arranged with respect to each 
other that the days of corresponding declination fall nearly over 
and under each other. The curves of the series of 1853 present 
the same general results, with about the same extent of irregu- 
larities. 

These tides obviously present a case of large diurnal inequality 
in height ;* the interference of the diurual and semi-diurnal waves 
going to produce one large and one small tide in the twenty-four 


* The quantity given as the diurnal inequality in height, is the whole difference 
between the heights of two successive high waters or low waters and that for the 
interval, the whole difference between the lunitidal intervals of two successive high 
waters or low waters. 
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lunar hours. When the declination of the moon is at its max- 
imum, the difference in the heights of consecutive high and low 
waters is nearly at its maximum; and when the declination is 
nearly zero, the difference is the smallest. 

The diurnal inequality in the interval is also perfectly well 
marked in these tides, amounting when greatest, to about two 
hours for high water, and one hour and eleven minutes for low 
water. 

The usual discussions of the times and heights, corresponding 
to the same time of transit of the moon, were made from the 
two series of observations; a defect having been found in the 
operation of referring the level of one tide-gauge to the other, the 
two series of heights were combined, by assuming the mean 
height in each series to have been the same. ‘The results were 
plotted on a diagram like B, but on a larger scale, for the purpose 
of graphical corrections in the mode used by Mr. Whewell. 

The ordinates of the diagrams Nos. 1 and 2, (diagram B,) cor- 
respond to the lunitidal intervals, and of Nos. 3 and 4 to the 
heights—the abcisse, in each case, to the hours of the moon’s 
transit. ‘The scale is shown at the top and side of each diagram. 
No. 1, diagram B, shows the results for the half-monthly inequal- 
ity of interval of high water, and the curves traced by them; No. 
2 the same for low water ; No. 3 shows the half-monthly inequal- 
ity in the height of high water, and No. 4 in that of low water ; 
the dots show where the observations fall. The comparison of 
the curves, with observations, is given in the annexed table: 


TABLE No. 1. 


Comparison of approximate curves of half-monthly inequality of the tides at Rincon 
Point, with observations. 


Moon’s | INTERVAL. | HEIGHT. | Moon’s 
age. | High water. Low water, | High water. | Low water, | 
From Olwerv’n. Trem Observ’n. | From Observ’n. Transit F 
curve, | Curve. | curve.| Curve. | curve. 
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The results, both for intervals and heights, are very good, con- 
sidering the small number of observations (four,) of which each 
is the mean. The heights are, as usual, less regular than the 
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times, and the results for the inequality of the height of low 
water are the least regular of all. 

The approximate mean lunitidal interval for high water, or cor- 
rected establishment of Rincon Peint, is 12h. 03m. This corres- 
ponds to an epoch of 0 hours, showing that the tides belong to 
the next preceding transit (transit F') of the moon, and not to the 
fifth preceding, (transit B,) as was found by Mr. Lubbock for the 
tides of Great Britain. ‘The epoch for low water corresponds also 
almost exactly to 0 hours. The same thing is shown, less for- 
cibly, however, by the discussion of the observations before re- 
ferred to at Saucelito. 

From curve No. 1, it appears that the difference in the lunitidal 
intervals for 3h. and for Yh. is lh. 20m., or (A) of Mr. Lubbock 
(tan 20°) is 0-342. The difference between the heights of high 
water, at spring and ia rr is, from diagram No. 3, 1:12 foot, 


and E of Mr. Lubbock OA a= ‘66. The two series of observa- 


tions, discussed separately, gave results which did not differ ma- 
terially from these. ‘These numbers will serve asa first approxi- 
mation. 
TABLE No, 2. 
Diurnal inequality of interval and height for high and low water, from observations in 
January, 1852 and 1853, at Rincon Point, San Francisco, California. 


High water. Low water. 
~~ Interval. j Heights. Toterval. ~ Heights. 
1 44 | —1°85 —0 51 301 Jan. 19, 1852, and Jan. 25, 1853. 
1 57 —181 03 3-44 
147) —163 —0 47 3°75 Moon’s max. dec. 
217) —159 —0 40 3°72 
1 41 —1°62 —0 40 3°46 
1 43 1°33 —0 30 3°07 
1 41 —1°05 —0 23 2°57 
120} ~066 | +0 07 2: 
0 39 | —017 0 38 137 | Moon’s dec. zero, 
0 52 0°32 1 05 0°50 
0 23 O71 0 50 -041 
0 58 —144 
1 Ol —2:19 
1 14 —2°85 Feb. 1, 1852, and Feb. 8, 1858. 
1 12 —3°36 
1 00 —3-48 Moon’s dec. max. 
57 —348 
0 41 — 3°28 
0 42 —2°99 
0 35 —2:50 
0 20 —190 
—0 08 1:29 | Moon's dec. zero. 
35 —-0°50 
15 0°26 
17 095 
12 185 
46 2°51 
30 2°99 Feb. 15, 1852, and Feb. 17, 1858. 
47 2°36 
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It should not be forgotten that, the observations having been 
made in successive years in the same month, the moon’s age and 
declination, and the sun’s declination are not very different, and 
the sun’s declination is nearly the same on the corresponding days. 

The diurnal inequality obtained by the usual method is given 
in the annexed table, No. 2. The two series are combined by 
taking the averages for the days on which the declinations corres- 
pond in the two series. Each average is thus the mean of four 
individual results. 

These numbers are projected on diagram C, where the ordinates 
correspond to the intervals for one curve and to the heights for 
the other, and the abcisse to the tidal days for both. Notwith- 
standing the small number of observations, the curves can be 
traced with tolerable certainty and follow the general law of the 
inequalities. 

Each curve shows an inequality increasing and decreasing with 
the moon’s declination nearly, crossing the zero line at or near the 
zero of declination, and reaching a maximum or minimum at the 
maximum of north or south declination. The observations do 
not furnish sufficient evidence to decide positively that the epochs 
of the several inequalities coincide with those of the declination 
or otherwise. On the average they are about half a day before 
the corresponding declinations. 

The inequality in the height of high water and in the interval 
of low water increase and decrease together, and so of the ine- 
quality of high water and height of low water. 

The declination of the moon and the inequality in interval of 
high water and in height of low water have the contrary sign ; the 
reverse is the case with the other two inequalities. 

The inequality in the height of low water is in general greater 
than that of high water, exceeding it when at the maximum in 
the proportion of two to one, (nearly 1-9 to 1). ‘The same rela- 
tion exists between the maximum inequality in interval of high 
water as compared with that of low, (1:7 to 1). 

The maximum inequality in the height of low water is 3°60 
feet, and of high water 1°85 foot. The maximum inequality of 
interval of high water, as shown by the curve, is lh. 53m., and 
of low wate lh. 7m. 

I am indebted to Mr. Heaton, of the tidal party, for the decom- 
position, under the direction of Mr. W. W. Gordon, of the curves 
of the daily observations in 1852, by the method adopted by me 
for the discussion of the tides of the Gulf of Mexico. Though, 
from some trials which I have made, these decompositions may 
be improved, they are, nevertheless, of great interest, and show 
well the causes of the forms assumed by the curves of diurnal in- 
equality in height and interval, and for high and low water and 
their relations. When the observations now in progress on the 
Western coast shall have given additional results, I propose to take 
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up this branch of the subject again. In the mean time, it appears 
to me, the results now obtained are of sufficient interest to be 
presented to the Association. 

I have taken, as an example of the decomposition, the curve 
from the observations of January 21, 1852, the results correspon- 
ding nearly to the maximum of the moon’s declination and to full 
moon. 

The diurnal curve, the interference of which with the semi- 
diurnal produces the form shown in diagram A, and also ona 
larger scale in diagram D, is given on the diagram. Its maximum 
ordinate, as found by summing the two series of heights from the 
hourly observations in which the same values of the ordinate of 
the diurnal curve occur with opposite signs, and referring to the 
curve of sines for their relation to the maximum ordinate, is 2°20 
feet. 

The sum of the squares of the differences between observation 
and computation is the least when the interference takes place, 
as shown in diagram D, the maximum ordinate of the diurnal 
curve being seven hours and a half from the maximum ordinate 
of the semi-diurnal curve. Subtracting the ordinates of the diur- 
nal curve, assumed as a curve of sines, from the heights given by 
the hourly observations, we have a residual curve, which is traced 
on the diagram. ‘The average of the four loops of this curve is 
almost precisely a curve of sines, of which the maximum ordi- 
nate is 2°30 feet. 

The tidal curves near the maximum of declination, and for 
several days each side of it, result from the interference of a 
semi-diurnal and diurnal wave, which at the maximum of each 
are nearly equal in magnitude, the crest of the diurnal wave 
being at that period about eight hours in advance of that of the 
semi-diurnal wave. 

The following table gives the comparison made in the diagram. 
The first column contains the ordinates of the curve of observa- 
tion; the second, those of the diurnal curve of sines; the third, 
those of the residual curve ; the fourth, the ordinates of the semi- 
diurnal curve, which most nearly satisfy the residual; and the 
fifth, the small remaining differences—on the average, being about 
0:14 foot. The crest of the diurnal curve is seven and a half 
hours from the semi-diurnal, and its maximum ordinate is 2:2 
feet. 

For equal maximum ordinates of the diurnal curve and semi- 
diurnal curve, 2:1 feet, we have for E=8 hours the diurnal 
inequality in height of high water 2°03 feet, or -18 foot greater 
than the mean found by the curve of diurnal inequality, and of 
low water, 3:57, or 0-3 foot less than the value given by the curve. 
So, also, for the inequality in the intervals of high and low 
water, we have, respectively, 105 and 61 minutes, instead or 113 
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and 66 given by the diagram, differing but 8 and 5 minutes, 
respectively, and having the same ratio to each other as the lat- 
ter numbers. The mode of interference thus explains satisfacto- 
rily the curious relations of the inequality of both time and 
height of high and low water. 


TABLE Ne. 3. 


Analysis of curve of observation for January 21,1852. Rincon Point. 


Ordinates, curve |Ordinates, diurnal Ordinates, residu- fe pnt Differences. 
of observations. | curve of sines. | al curve. olnes. | 
— 02% - 028 | +0°05 0-00 
- 163 0°83 0°80 -1:10 “30 
- 298 — 1:33 | 165 - 182 17 
- 3°63 | - 172 -191 -227 86 
403 | 200 | —203 2-20 ‘17 
-368 | -216 - 1°52 -1-70 18 
| -216 | -057 - 070 13 
148 2:00 +0°52 +0°70 -~018 
-023 | -172 | 1-49 +165 016 
+077 1:38 | 2°15 +2°20 -~005 
1°47 - 0°83 2°30 +2°30 00 
172 «| =| 2:00 +1:90 10 
152 | +028 124 +1°60 0°36 
| 83 - 06 0°00 - 0°06 
‘17 1°33 - 116 ~ 1:30 +014 
| 172 2°05 205 00 
- ‘28 2°00 — 2°28 — 2°25 00 
+07 | 216 | -209 -215 06 
‘87 | 2°16 | 1°29 - 1°50 “21 
187 | 200 | -013 0°20 07 
272 | 172 4100 +1:20 
3°32 1°33 1-99 +1°9 02 
8°27 | 83 2°44 2°32 12 
2°62 “28 2°3 2-20 } ‘14 


Taking the values of the maximum ordinate of the diurnal 
curve (D) as deduced by Mr. Heaton, tracing a curve for them 
and folding this over on its greatest ordinate, as a hinge, we bring 
five values of D to the determination of each point in the curve 
from the observations of 1852. ‘Treating the curve of twice the 
sine of the moon’s declination in the same way we obtain a 
curve for comparison with the former. Neglecting the sun’s ac- 
tion, we have from theory m sin. 20’=D. ‘Taking the mean of the 
values of D, which nearly correspond to each other in the half 
declination, and the mean of the corresponding values of the sine 
of twice the declination, we obtain m=29 nearly. 

The following table, No. 4, gives a comparison of the values of 
the semi-diurnal ordinates, and of m sin. 20’. 

I have also deduced the diurnal inequality, from Mr. Heaton’s 
compound or interference curves, and have compared it in the same 
way with m sin. 20’. The value of m found from these, was 
m=28. The last column of Table No. 4 refers to this com- 
parison. 
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TABLE No. 4, 


Showing the values of the maximum ordinate of the diurnal curve (D) deduced from 
analyzing the curves of observation and comparison with theory ; also the value of 
comparison of the diurnal inequalities measured on the compound curves, 


[Diaraal inoqual-/ 
No. dD. M sine 23° Difference. | ity—Ht. H. W. 
} from curve. | 
| Feet. | Fee. Feet. 
1 | 213 217 ot | 29 
2 201 2:00 2°05 
3 179 1:83 “O04 1°85 
4 1:54 155 ‘Oi 15 
5 116 1:20 “04 11 
6 O76 05 16 
7 O25 0°26 ol | 0-0 


The agreement of the several results compared appears very 
satisfactory. 

The changes in the value of E have been distinctly traced by 
Mr. Heaton from the observations; but before presenting the con- 
clusion on this subject, I desire to subject them to the test of fur- 
ther computations, which are now in progress. 

In order not to interfere with the regular work of the hydro- 
graphic party, a separate tidal party has been organized under 
the direction of Lieutenant Trowbridge of the corps of engineers, 
assistant in the Coast Survey, and supplied with the necessary 
means for a full investigation of the tides of our Western coast. 
It is proposed to establish three permanent relf-registering tide- 
gauges, under intelligent supervision, at San Diego, San Francisco, 
and Columbia river entrance, and to connect them by observations 
at suitable intermediate points. There are difficulties to be over- 
come in the character of the coast itself, and of the aborigines 
who still inhabit portions of it, but 1 expect, nevertheless, entire 
success from the zeal and ability of Lieutenant Trowbridge. 
The following tide table results from the observations already 
discussed. 

Corrected establishment at Rincon Point: High water, 12 
hours 3 minutes; low water, 17 hours 51 minutes. 

Mean rise and fall of tides, 3 feet 11 inches; of spring tides, 
4 feet 11°8 inches; of neap tides, 2 feet 11 inches. 

Mean duration of rise 6 hours 30 minutes, including half the 
stand ; fall 5 hours 52 minutes, including half the stand; stand, 
30 minutes. 


High water. Low water. 
Diurnal inequality of height. Ft. In, | Ft. In. 
Average for the whole month, ...............-..eee0- 103 | 2 O4 
Diurnal inequality in interval. | M. 
Average for the whole month, .............cscccseees 1 02 0 45 
| 2 00 1 06 
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Difference in height of highest tide and lowest tide in day: 
average, 5 feet 11 inches; greatest, 7 feet 7 inches. 

When the moon’s declination is north, the highest of the two 
high tides of the day is the one which occurs about twelve hours 
after upper culmination. 

I have given elsewhere, for the use of navigators, a set of rules 
founded on these observations, and containing no technical term 
unfamiliar to them. 


Notes on the Tides at San Francisco, California. 


Besides the ordinary changes in the time and height of the tides 
known to all navigators, it is important to note the following, 
generally applicable to the Western coast, and particularly to San 
Francisco bay. They relate to peculiarities in the tides which 
occur on the same day, the necessity for knowing which is shown 
by the fact that a rock having three feet and a half of water upon 
it at low tide, may, at the succeeding low water, on the same day, 
be awash : 

1. The tides at Rincon Point, in San Francisco bay, consist 
generally of a Jarge and small tide on the same day; so that of 
two successive high waters in the twenty-four hours one is much 
higher than the other, and of two successive low waters one is 
much lower than the other. 

2. The difference in height of two successive tides (either high 
or low waters) varies with the moon’s declination. When the 
declination is nothing, the difference is nothing, or very small. 
When the declination is greatest, whether south or north, the dif- 
ference is greatest. When the moon’s declination is nearly 
nothing, the intervals between two successive high or two succes- 
sive low waters are nearly twelve hours, and twenty-five minutes, 
and differ most from this when the moon’s declination is greatest. 

3. The inequalities in the heights of successive low waters 
are more considerable than those of suecessive high waters ; 
while, on the contrary, the inequalities in the times of high water 
are more marked than those of low. 

4. ‘The average difference between the heights of two succes- 
sive high waters is’one foot three inches; and of two successive 
low waters, two feet and four inches, The average difference 
of these same heights, when the moon’s declination is greatest, 
is for the successive high waters two feet, and for the low waters 
three feet six inches. 

5. ‘The average variation from twelve hours and twenty-five 
minutes in the interval between two successive high waters is 
one hove and twelve minutes, and between two successive low 
waters fifty-three minutes. ‘The average variations of the same 
interval when the moon is farthest from the equator are, respect- 
ively, two hours and one hour and a quarter. 

Ssconp Segigs, Vol. XXI, No. 61.—Jan., 1856. 
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6. When the moon’s declination is north, the higher of the 
two high tides of the twenty-four hours is the one which occurs 
about eleven and a half hours after the moon crosses the meridian, 
(souths) and when the moon’s declination is south, the one which 
occurs about twenty minutes after the moon’s meridian passage, 
(southing). 

6 bis. Or the following rule may be used, which applies when 
the moon crosses the meridian between midnight and 114 a. m., 
or between noon and 114 Pp. m.: 

If the moon is south of the equator, and passes the meridian 
(souths) in the morning, the morning high water will be higher 
than the afternoon high water, if, in the afternoon, the afternoon 
high water will be the higher. 

If the moon is north of the equator, and passes the meridian 
(souths) in the morning, the afternoon high water will be the 
higher; if in the afternoon the morning high water will be the 
higher. 

7. The lowest of the two successive low waters of the twenty- 
four hours occurs about seven hours after the highest of the two 
high waters. 

8. The average difference between the height of the highest 
high water and of the lowest low water is five feet eleven, and 
the greatest difference is seven feet seven. 


Art. Il.—Comparison of the diurnal inequality of the tides at 
San Diego, Nan Francisco, and Astoria, on the Pacific Coast 
of the United States, from observations in connection with the 
Coast Survey ; by A. D. Bacue, Superintendent.* 


(Communicated to the American Association for the Advancement of Science, 
by authority of the Treasury Department.) 


Ar a meeting of the American Association in August, 1853, I 
submitted some remarks on the diurnal inequality of the tides as 
observed at San Francisco. I propose now to compare this im- 
portant inequality at the three ports of San Diego in California, 
San Francisco in California, and Astoria in Oregon. The results 
are the first fruits of the tidal observations under the immediate 
charge of Lieut. Trowbridge, of the Corps of Engineers, to 
which I referred at the same meeting, as in progress. The series 
is intended to develop the tidal phenomena of that coast, and the 
three stations referred to are those for permanent reference, at 
which self-registering tide-gauges have been put up. The re- 
sults now communicated are derived from observations at Asto- 


* From Report of the Superintendent of the Coast Survey, showing the Progress 
of the Survey during the year 1854, p. 152. Washington: 1855. 
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ria, from July 11 to October 31, 1853; at San Francisco, from 
January 17 to February 15, 1852, and from January 5 to Feb- 
ruary 26, 1853; and at San Diego, from September 22 to No- 
veinber 31, 1853. All the observations were made with Sax- 
ton’s self-registering gauge. I submit specimens of the actual 
curve traced by the gauge. The results have been computed, 
under the direction of L. F. Pourtales, Esq., assistant United 
States Coast Survey, by Messrs. H. Heaton aud P. R. Hawley, 
and the diagrams were drawn by Mr. C. Fendall. 

Some of the curves of observation on a reduced scale are 
shown in diagram No. 1. The place of observation, and the 
dates for each series of curves, are stated on the diagram. The 
diagram represents the times from 0 hours to midnight, on a scale 
in which the distance between the vertical lines corresponds to 
two hours, and the heights ona scale of half a foot of rise or 
fall of the tide to each division between the horizontal lines. 
The phases and declinations of the moon are inserted at the top 
of the diagrams, and the times of the moon’s transit at the foot. 

The curves have a striking similarity, and show a large diur- 
nal inequality in both high and low water, in time and in height, 
at or near the greatest declination of the moon. ‘The greatest 
inequality of the height is 2-76 feet at Astoria, 2°40 feet at San 
Francisco, and 2°77 feet at San Diego. The mean rise and fall, 
estimating the highest high and lowest low waters of each day 
only, is for the three places respectively, 7°86 feet, 5-92 feet, and 
5-46 feet. Some of the daily curves of San Diego, near the pe- 
riod of greatest declination of the moon, approach in form to those 
at Fort Morgan, on the Gulf of Mexico. 

The curves of half-monthly inequality of high and low water 
will be so much better determined hereafter, that I merely refer 
to them now in passing, to show their general resemblance to 
those formerly produced for San Francisco. 

The crude corrected establishment for the three places is— 


For Astoria, - - - - 12h. 538m. 
For San Francisco, - - - 12 4 
For San Diego, - - - - - 9 37 


The value of A (the tangent of the difference of luni-tidal in- 
terval for three and for nine hours) and of E of Mr. Lubbock’s 
notation, (half the difference in height of neap and spring tides 
divided by 2 A) are, for— 


1h. 17° 30’ 0-31 “| 283 
1 18 19 30 035 | 1:59 
1 36 21 30 039 71 | 
These, of course, are but approximations. 
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Diurnal inequality in intervals and heights of high and low water at San Francisco, 
San Di ‘qo, and Astoria, 


of bigh water, 


Inequality in interval Inequality in height Juequelity in interval 
of high water, 


of low water, 


Inequality in height} 
of low water. 


= Sjasiaz! 
| a < < < 
m a mn. “hh. om. Jeet jeet J¢ . t h. 
144 156 1 19-185 -162-194 -0 51 -2 00 -1 
157 116 2 -1-18 63 -1 15 -1 
{147 186 1 47 -0 
217 112 1 05\-1°59 40 -0 05 -0 
| 141 046 OF 162 OO7 -U'75 -0 4 000 -0 
148 017 045-017-030 006-01 
Zerodec.) | 141-005 018-105 O83 O27,-025 0: 0 
1 20-0 20-0 02-066 120 067 UOT 01 
039-0 37-0 16-017 149 121; 0358 O 04 
0 52-0 58-0 032) 1°78 105 047 1 
0 16-0 51) O71; 197) 153; 050 117 
15-1 12) 1°72, 210 154) 058 136 1 
-]1 01 -1 50-1 33) 1:90 204 1°43) 101 157 1 
D's dec. } -] 42'-2 238-1 47) 201, 2°25, 142; 114 145 1 
max. N. | 
-1 65 -2 47| 1°88) 2:07) 1°28) 112 222 
-2 0! -8 1U-1 37) 1°86 O98 114, 100 159 O 
-] 03-1 1°84 ORG OST OF 0 
12-2 OV -1 22, 190 O41 C71 O41 O36 O 
41-1 26-0 165 027 O60) V42-0C04 O 
D’s dec. -1 296-0 50-0 142 0:09 020) 085-021 -1:14-1°40] 
zero. 
109-0 46 -0 18! 100 065 -025 020 081 0 06)-1°90 -0-93 -0°83) 
059-0 20 062 029 682-080-008 003-0 21/-129 -90299-011! 
052 005 017'-030 08 -1:12 -035 —-046 -0 55-050 O97 O81 
-0 09 041 22'-0°97 -2 83-170 -1 15-038 -0 52) 026 249 1 
029 0 46-142 -268 -2-00\-] 17 -1 16-054) 095) 2°96 212 
046 206 1 01-156 -2:18 -112-142-11 18 2°47 2°75) 
151 158, 1 15-170 -1 43-121) 251) 284 324) 
223 1 -2:01'-0 80 -2 00 -1 20) 2°99) 279 3°85 
1211) 255 1 ....'-2 08 309 379 
1222) 125 059, 136 128) 1-23) 047, 102 O46) 236) 197, 


The foregoing table shows the diurnal inequality in time and 
height of high and low water at the three places before named. 

The whole difference in height and interval between the A. M. 
and P.M. tides is taken as representing the diurnal inequality, 
and no correction is made for the half-monthly inequality in pre- 
paring the tables. I may observe that upon trying the correc- 
tions with the half-monthly inequality, as at present determined, 
no special advantage resulted; and until the half-monthly ine- 
quality is determined by more numerous observations, I adhere 
to this form of discussion. 

The results are shown in diagram No. 2, in which the ordi- 
nates denote the inequality in interval and height on the days 
from zero of declination of the moon, denoted by the abscisse. 
The dots show the actual observations, and the curves are drawn 
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with a free hand among them. The results for the three places 
are distinguished as marked on the diagram. The following are 
the inferences from the discussion : 

1. In every case, the inequalities increase and decrease with 
the moon’s declination, reaching zero at or near the time of the 
moon’s crossing the equator. The average epoch of the ine- 
qualities agrees almost exactly with the time of the zero of de- 
clination. 

2. The inequality in height of high water, and in interval of 
low water, increase and decrease together, and so for the ine- 
quality in time of high water and in height of low water, as 
was remarked if the case of San Francisco. 

3. The declination of the moon, and the inequality in interval 
of high water and in height of low water, have contrary signs 
at all three of the places: the reverse being true of the other 
two inequalities. 

4. The inequality in the height of low water is, in general, 
greater than that of high water, as was before stated for San 
Francisco. The proportion of the average and maximum ine- 
qualities is nearly as follows: 


ini | Average | Maximum 

| inequality. inequality 
San Francisco, - - | | 19tol 

Astoria, oer sce ce | | 


5. The inequality in the interval of high water is, in general 
greater than that of low water, as follows: 


iid Averege | Maximum | 

San Francisco, - - - - - l7jtol I8tol | 
San Dievo, | 14tol | 1l8tol 


6. The average and greatest inequalities in interval and height 
are shown in the following table: 


Average inequality Greatest inequality. 

Places. } ‘Time. Height. Time. “Height. 

H.W. LW. | H.W. LW.) LW.) LW. 

ri lh. m. | h. m. | feet. | feet. |h. m. | h. m. | feet. | feet. 
San Francisco, - - - | 121 | 047 | 1:36 | 236 | 217 | 117} 201 | 375 
San Diego, - - - - {| 125 | 102 | 1°98 197 | 310 | 227 | 268 | 3°09 
Astoria, - - - - - | 059 | 046 | 123 | 217 | 200 | 121 | 254 | 3°85 


7. The comparison of the values of the diurnal inequality in 
height with the theoretical expression m sin 2 4 is given in the 
annexed table and diagram, in which the value of m is taken 
at 2°35. ‘lhe inequality results are grouped by the declinations, 
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Comparison of daily inequality with moon's declination. 


‘San Die ego. Astoria. 


|Obs inequality,) 
| height of H. Ww. 
| | feet. 
| 03 
1-93 
155 18 
1260 «6148 | 
| 


Obs. inequality,| 
height of H.W) 25". 


m sin 23°. ¥. | Difference. | Difference. 


"84 
63 
69 “28 | 41 


The observations of which these form a 5 part are still in pro- 
gress, under the direction of Lientenant Trowbridge, whose assi- 
duity and intelligence have already been rewarded by the success 
1 had ventured to anticipate in my former reference to the tides 
of the western coast. 


Arr. IIl.—Preliminary determinations of Co-tidal lines on the 
Atlantic Coast of the United States, from the Coast Nurvey 
Tidal Observations ; by A. D. Bacue, Superintendent.* 


{Communicated to the American Association for the Advancement of Science, by 
authority of the Treasury Department.) 

In the progress of the hydrography of the Atlantic coast of the 
United States, numerous tidal observations have necessarily been 
made for correcting the soundings and determining the establish- 
ments of the ports. With them I have connected observations of 
a more permanent character, intended to furnish the data for ascer- 
taining the laws of the tides in important localities, and others 
for tracing the progress of the tide-wave along the coast generally, 
and in special cases in sounds, bays, and rivers. ‘These observa- 
tions are still in progress; indeed, those for developing the laws 
of the tides, and determining the constants of theory, depend for 
their value upon their long continuance. So many authentic re- 
sults have now, however, been obtained, that it appears desirable 
to put them together, and to ascertain the conclusions towards 
which they tend as to the co-tidal lines, and by the agreement of 
the separate results with general laws, or their departure from 
them, to determine which of them require further observations 
to check their first results, and where new stations of observations 
are necessary for the purpose. My attention has been called, also, 
by the request of a valued friend, the Master of Trinity College, 
Cambridge, to some attempt of this sort, and his labors in con- 
nection with this subject on our own coast have entitled his re- 
quest to the most respectful consideration. 


* Report of the Superintendent of the Coast Survey showing the progress of the 
Survey during the year 1854, p. 147. Washington, 1855. 
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Iam indebted to L. F. Pourtales, Esq., in charge of the tidal 
) party of the U. S. Coast Survey, for the revision of the compu- 
tations given in this paper. The labor of reducing the observa- 
tions themselves has fallen chiefly upon Messrs. Heaton, Fendall, 
and Hawley. ‘The diagrams have been prepared by Mr. C. Fen- 
dall, under the direction of Mr. Pourtales. 


TABLE No. 1. 
Observations for co-tidal hours. 


Stations. Years. Remarks. 
Portland, Me. ......-.-| 64 1852-3........|Self-registering. 
Portsmouth, N.H...... 1l 1851-2-3...... 'Self-registering in 1852-3; all 
the sets agree pretty well. 
Newburyport, Mass... .. 2 1851-2. .... ee 
Ipswich, 2 
Boston Light, .......+. 84 ‘Results reliable. 
Boston Dry-dock,...... 64 Best series. 
Provincetown,.......++ 10 1833-4........ From Maj. Graham's survey. 
Great Point, Nantucket, 14 1184950 | 
Nantucket Harbor,..... 13 {1846 to 1850... Irregular. 
1 
Edgartown,...... 7 1846-7-"51-2 .. 
Holmes’ Hole,......... 6 1846-"51-2 .... 
Wood’s Hole (east), .... 3 1849-52 ...... 
Tarpaulin Cove,....... 3 1849-51 ...... 
Quick’s Hole (south), ... 
Menamsha Bight, ...... 1 
16 1844-46 ...... 
Point Judith... 6 
2 
Montauk Point,........ 2 1848. ... Not good series. 
2 1850... Not a good series. 
Sandy Hook,.......... 17 1835-6-"44-51.| 
Cold Spring inlet,...... 11 1843-4. ....... ‘Day tides only. 
Cape May landing,..... 2 
Delaware breakwater, .. 104 1840-"41-"43-'47| 
Old Point Comfort,..... 65 
Beaufort, N.C.........! 2 
Georgetown, S.C....... 14 
Fort Pulaski,.......... 13 1851 
St. John’s river,........ 1 
Cape Canaveral,....... 11 tides.|1850..... ...++/Quite unreliable. 
1 


of the more reliable class are thirty-three in number, extending 
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on the Atlantic coast from Cape Florida to Portland, Maine. I 
have been able, through the kindness of Captain Shortland, R. N., 
in charge of the Admirality survey of Nova Scotia, to extend 
the results to the entrance of the Bay of Fundy. 

Table No. 1 gives the names of the places of observation with 
the time during which the observations of high and low water 
were made, and remarks in relation to them. ‘The stations marked 
(*) in Table No. 2, have been made use of in determining the 
co-tidal lines for this paper. A few stations have been embraced 
in the results where the number of observations is not compara- 
ble to those at the other points, chiefly to introduce localities im- 
portant in position, and to sift the observations already made at 
them. Old Point Comfort, New York, and Boston Harbor, have 
been permanent stations for some years; Charleston, Tybee en- 
trance, Portsmouth, and Portland, have been more recently added 
to them. 

To the short series of observations, especially there should be 
applied corrections for declination and parallax; but after compu- 
ting several cases, I was satisfied that the errors from other sources, 
and especially from the positions almost indispensably necessary 
to the tide gauges, more than made up for any irregularities from 
this source, and determined in the preliminary inquiry to omit 
these corrections, which amount only to a few minutes even in 
extreme cases. 

A much more important correction is that for the position of 
the gange in a harbor or river entrance, in many cases within a 
bar. Where our charts are completed, we have the elements for 
computing this correction by the law of depth, supposing the 
wave to move in the channel with a velocity proportional to the 
square root of the depth. This law, when applied to two very 
different cases, Savannah river and Boston harbor, where we had 
the means of testing it by measured distances and known depths, 
was so completely verified, that I have not hesitated to apply it in 
the other cases. 

The following Table No. 2 contains in the first column a num- 
ber for reference; second the names of the siations; third, the 
mean luni-tidal intervals or establishments ; fourth, the longitude 
from Greenwich ; fifth, the approximate co-tidal hour obtained 
by adding to the establishment the diilerence of longitude ; sixth, 
a correction of one minute for every half hour of the establish- 
ment, to correct for the different transits of the moon used in re- 
ducing the ebservations, (see Mr. Whewell’s paper, Phil. Trans. 
1836, p. 293 ;) seventh, the co-tidal hour thus corrected ; eighth, 
the co-tidal hour corrected for depth, where data were at hand for 
the purpose ; ninth, the latitude of the station. 

In order to obtain the best results from the observations, they 
have been divided into groups, in the way and from considerations 
which will be hereafter explained. 
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TABLE No. 2. 


Co-tidal hours of ports on the Atlantic coast. 


| | 5 

| | 2 

| $353) 3 

1 *Cape 8 50 423113 18 1265) ..... 43 25 
| 9 *Elienwood’s Island, ......... 9 45)4 14 9/19/1350) ..... | 43 39 

3\*Fourchue Island,...........- 10 00) 4 25] 1425 5|.. | 43 47 

Portland, Maine, 11 25} 441/16 6/23!15 438) ..... 148 35 

Portsmouth, N. H........... 11 23 442/16 § 1542) .«.-.. 143 3 
1 ¢ *Newbury port, 11 15 42! 15 27 | 42 48 
| 7\Ipswich, 11 82 | 443) 16 15 | 23) 15 62/..... | 42 41} 

*Gloucester, 11 10 445 5 53 | 22) 15 31) .....| 42 37 
9'*Salem, 1113|448]1556 92/15 34/1519 | 42 8 
* Nahant, 11 12] 443115 55 | 22/15 30! ..... | 42 25) 
11\*Beeton Light, 11:12} 443) 1555 22) 1533 2 20 
12 *Boston Dry Dock,........... 11 22) 443/16 5 22/1553 15 80 42 20 | 
11 5) 440/1545 22) 1445) .-.-.. 41 
10 35 4 41/1516 1455) ----- 42 
6 12 5 440/16 45 16 41 36 
12 4/440] 1644 24/1620) ----- 41 23 
11 53 1440} 1633 24/16 4115) 
12.11} 440] 1651 | 24/16 27! 4117 
11 85 | 441) 1616 | 23| 1853) {118 
Waegue Point, 1 19) 12 49 | 41] 21 
11 6| 442/15 48 | 22] 15 ----- 41 24 
11 43 | 4 42) 16 25 23/16 2 41 28 
23, Wood's Hole (east), .......... 812 | 4 42) 12 54 | 16/12 38 4131} 
24\Tarpaulin Cove, 8 4) 442/12 46 | 16/12 41 28 
25 *Quicks’ Hole (south), ........ 732/14 42/12 16/15/1159) 41 26 
26 Menamsha Bight,............. 752)}4 48); 1235 16/1219) ----- 41 20 
27 *Fort Adams ( Newport harbor), 7 45 1445) 1230/15/12 15! 41 29 
28*Point 782] |15|12 2) 41 22 
Watch Hill, 900) 447) 13 47 | 18) 13 29) 41 19| 
$0|Montauk Point, 8 10| 4146/1256 /16)1240 41 4} 
718} 4 52/1210 | 15] 11 55) 40 38 | 
32#Sandy Hook, 7 29 | 456) 1295 }15/1210) 40 28 | 
33. *Cold Spring 7 32 | 459/123 15} 1216) | 38 57 
34)*Cape May (landing), ....... 1.) 38 56 
35 *Delaware Breakwater,....... 0/1300! 16!) 12 44) 38 48 
36/*Old Point Comfort, .......... 8 17/5 6)12 3/36 55 
657|5 2) 1159) 14) 1145] ----- 35 15 
36/*Beaufort, N.O. 740|5 7/1247/15) 1232/12 18] 34 37 
719]5 12/1281 /15'12 16| 11 49) 33 54 
10|Georgetown, 752/516) 1308 | 16| 12 40] ----- 33 22 
41}*Charleston (Castle Pinckney),.. 718) 5 19! 12 32 14/12 18/11 58! 32 43 
42)*Fort Pulaski, (Tybee Entrance), 7 2015 28) 12 43 15 | 12 298! 12 00/32 
John’s River, 7 31/5 26/1257} 15| 12 42] 12 30 20} 
14|*Cape Canaveral, ............ 7 21/5 22) 1243/15) 12 28]..... 28 27 | 
145|*Cape Florida,. 8 26 | 5 20] 13 46 | 17] 13 29] ----- 25 40 | 


Supposing the stations to be really connected in the physical 

group and assuming that the space over which the observations 

extend is such that the co-tidal lines may be taken as straight 

lines, we obtain by least squares the position of the co-tidal lines, 

which will best satisfy the equation. The mean latitude and 
Seoonp Serixs, Vol. XXI, No. 61.—Jan, 1856. 3 
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longitude of each group is taken, and the group is referred to this 
point as the origin of co-ordinates; the mean co-tidal hour is also 
taken. In the equation of the co-tidal line— 
Mr+Ny=2z 
x and yrepresent the known co-ordinates, the difference of lon- 
gitude being reduced to the same unit of the geographical mile 
as the difference of latitude. The co-eflicients M and N are de- 
termined by the equations— 
M 
M +N =z yz 


N 
—w is the tangent of the angle which the co-tidal line makes 


with the meridian, and VW M?-+ N? gives the motion of the tide- 
wave, or difference of co-tidal hour for one geographical mile per- 
pendicular to the co-tidal lines. 

In this I have merely followed the admirable example given by 
Professor Lloyd, in the joint paper of himself and Colonel Sabine, 
on the magnetic survey of the British Islands. 

Having investigated separate groups in this way, it is easy to 
draw the co-tidal curves which represent the observations; the 
investigation tests the grouping in an interesting way, by the co- 
incidence or discrepancy of the computed and observed co-tidal 
hours. 

The first approximate indication from the discussion is the cor- 
respondence of the tides on our Atlantic coast to the supposition 
of a tide-wave moving from S. 53° E. to N. 53° W.; but this is 
only a rude statement of the phenomena. 

In scanning the co-tidal hours along the coast, we observe that 
they divide themselves into two groups, one south of Martha’s 
Vineyard, and the other north of Cape Cod, with a short anoma- 
lous group between them. 

The co-tidal hours from Cape Florida to Quick’s Hole, Martha’s 
Vineyard sound, are not greater than 13A. 30m., nor less than 
11h. 38m. Hatteras is decidedly, as was pointed ont by the Mas- 
ter of Trinity, the Rev. Mr. Wheweil, a point of divergence, the 
establishments on the north and east of it, and the south and west 
of it, being asa general rule, greater than the establishment of 
Hatteras. Our value for the co-tidal hour there differs from Mr. 
Whewell’s, and further observations now in progress, will decide 
between the two results. 

From Provincetown, Cape Cod, to Cape Sable Island, the co- 
tidal hours vary between 12A. 55m. and 15h. 43m. 

Beginning at ‘l'ybee entrance, F'ort Pulaski, Savannah river, 
we have a good series of tidal stations to Hatteras, five in num- 
ber forming group a, Table No. 3. The mean co-tidal hour is 
11h. 52m., and the angle which the co-tidal line makes with the 
meridian is 50° 09’, agreeing very nearly with the trend of the 
coast. 
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The motion perpendicular to the direction of the co-tidal line 
is twenty-four miles in half an hour, agreeing nearly with the ve- 
locity due to the depths, as will be seen by inspecting the chart 
of co-tidal lines which accompanies this paper, upon which the 
fifty and one hundred fathom curves are drawn from the best data 
we yet have. ‘The mean discrepancy of the computed establish- 
ments and of those observed for this group, is l6m.; that of Beau- 
fort differing most, and for Cape Fear the least. 

If no correction had been applied for the pgsitions of the tide- 
gauges within harbors, the results would have been as stated in 
group a bis, Table No. 3, which, while the position of the co- 
tidal line is but little changed, gives a result for the movement of 
the tide-waves which is entirely too small, as must of course be 
the case. 

The next group north and east of this, b, consists of Old Point 
Comfort, Delaware Breakwater, Cold Spring inlet, and Sandy 
Hook, embracing a part of the coast having the same general di- 
rection. The mean co-tidal hour is 12h, 18m.; the angle of the 
co-tidal line with the meridian is 22° 21’, agreeing again with the 
general trend of the coast, which is about 26°, the true value of 
the motion being masked by the irregularities of the establish- 
ments. The computed establishments agree well with the ob- 
served, differing but five minutes in the average, and six minutes 
at the greatest. 

In the next group, c, four stations are placed from Sandy Hook 
to Quick’s Hole, viz: Sandy Hook, Point Judith, Newport, car- 
ried to the entrance of the bay by the depth, and Quick’s Hole ; 
the mean co-tidal hour is 12h. 6m., the direction of the co-tidal 
line 63° 27’ east of the meridian; the distance gone over by the 
tide-wave in half an hour, forty miles; the mean difference in 
the computed and observed establishments is less than three min- 
utes, and the greatest difference five minutes. Fire Island and 
Moutank are omitted from this series as anomalous; if, however, 
they are included, the result shown in ¢ bis, Table No. 3, is given, 
in which the direction of the co-tidal Jine is 58° 36’, and from 
which a decidedly erroneous velocity results. 

Montauk looks like a point of convergence, as termed by Mr. 
Whewell; but its result is uncertain, and the observations there 
and at Fire Island must obviously be repeated. 

The group d consists of six stations between Cape Cod and 
Cape Ann, viz: Provincetown, Wellficet, Boston, Nahant, Salem, 
and Gloucester. It gives for the mean co-tidal hour 15/. 15m., 
for the inclination of the co-tidal line to the meridian 31° 17’, 
and for the distance gone over by the tide-wave in 3Um., thirty- 
two miles. ‘The average difference between the computed and 
observed co-tidal hour is less than four minutes, and the greatest 
difference less than ten. 
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Group ¢ contains Newburyport, Portsmouth, Portland, Fourchue 
Island, Ellenwood’s Island, and Cape Sable. ‘The mean co-tidal 
hour is 14h. 37m., the angle of the co-tidal line with the meridian 
44°04’, and the motion of the tide-wave thirty miles in 30 minutes. 
The average difference of the computed and observed co-tidal 
hour is rather more than ten minutes, and the greatest difference 
in the case of Cape Sable Island amonnts to 23m. Newburyport, 
which is brought to the sea establishment by the depth, differs 
but six minutes in the computed aud observed numbers. 

The twelve stations of the last two groups combined in one 
group, give 14h. 56m., for the mean co-tidal hour, 38° 46’ for the 
inclination of the co-tidal line, and thirty-three miles in half an 
hour for the motion. 

Between ¢ and d is the anomalous group which occupies 
Martha’s Vineyard and Nantucket sounds, and includes the sea of 
the southern and eastern shores of these islands, and the passage 
between them. A side sketch shows the anomalous co-tidal 
hours, varying from 12h. 19m. at Menamsha Bight, and 12h. 387. 
at Wood's Hole, to 164. 02m. at Holmes’ hole. The observations 
yet collected are not sufficient to trace with precision the details 
of these changes, though abundantly so to establish the general 
phenomena. They show, conclusively, that this is a case of in- 
terference, and poiut to the nature aud amount of it. I prefer to 
obtain further observations necessary to give the particulars of 
this interference, before entering upon a discussion of this curious 
series. The heights concur with the times in giving the same 
solution to these cases, a mean rise and fall of one foot at Nan- 
tucket island being placed, as it were between a rise and fall of 
33 feet at Mevamsha Bight, and of 11:5 feet at Provincetown, 
The shoal ground off Nantucket and its influence in the direction 
of the co-tidal lines, are roughly traced upon the chart. 

Group f is at the extreme southern portion of the series where 
the tide-wave is turned by the Bahama banks, and makes its way 
through the straits of Fiorida. The three stations in that group 
are Cape Florida, Cape Canaveral, and St. John’s entrance; of 
this Cape Canaveral affords but a vague result. ‘The co-tidal line: 
makes an angle of L17° 12’ with the meridian, and the motion in 
half an hour is twenty-nine miles. ‘These results are collected in 
Table No. 3. 

From the general indications of these groups, and with the ap- 
proximate form of the curves of depths, it is not difficult to trace 
the probable forms of the co-tidal lines. With the assistance of 
Mr. Pourtales the chart now presented has been prepared. It 
shows the co-tidal line of 12/., following the trend of the southern 
coast from Tybee towards Hatteras, running close to the shore 
as it passes southward into the Straits of Florida, interrupted be- 
tween Cape Lookout and Hatteras in passing northward and east- 
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ward, re-appearing again north and east of Hatteras, and following 
the coast inwards towards Sandy Hook, and then towards Point 
Judith, and leaving the coast off the shoals of Nantucket and 
Cape Cod. The lines of 114/. and LIA. are approximately drawn 
outside of the line of 12h. which, in general, is quite near to the 
coast, and conforms to its sinuosities from ‘Tybee to Narragansett 
entrance. 

TABLE No. 3. 


5 

i Groups of stations. = | | 
° 

| 
is € 

a... stations from Savan-|1! 52) 1-303, 50 9} 125 24 Tybee, Charleston, Cape 

nah to Hatteras. | | Fear, Beaufort, Hatteras. | 
abis, Tie same uncorrected for 12 16, 1-298 5223 2:31 13 | 
depth. | | | 
Four stations from Old 1218) 0-411 2221 447 | 6 |Old Point Comfort, Dela-| 
| Point Comfort to Sandy} | | ware breakwater, Cold, 
Hook. | | Spr’g intet,Sandy Hook.| 
lc ...|Four stations from Sandy|!2 6 2-00 | 6327, 0°76 40 ‘Sandy Hook, Puint Jud-) 
| Hook to Quick’s Hole. | | | ith, Beavertail, Quicks'| 
Hole. 
| 


lc bis.'Six Stations from Sandy|12 10 1638 5836 0-13 | 231 jSandy Hook, Fire island,} 
| Hook to Quick’s Hole. } } | Montauk Point, P’t Jud-| 
| ith, Beavertail, Quicks’ 


| | 
| | Hole. 
d...Six stations from Prov-/15 15 0-608 3117! 0-924] 32 |Provincetown,Wellfleet, 
incetown to Cape Ann. | | | | | Boston, Nahant, Salem, 


| 
| 0968 44 4 1-006 | 30 |Newburyport, Portsm’th,) 
| | | Portland, Fourchue isl-! 

| | and, Ellenwood’s isl- 

| | | and, Cape Sable island. 

e bis. Twelve stations from Pro-|14 56, 0°803, 3346, 0-910] 33 | 

| vincetown to C, Sable. | 

\f...'Three stations, 0:514.117 12 


le... Six stations from Cape} | Gloucester. 


| Ann to Cape Sable. 14 37 


1°05 29 'St. John’s river, Cape Ca- 
| naveral, Cape Florida. | 


The co-tidal line of 15h. isthe one which characterises the in- 
dentation between Cape Cod and Cape Sable, the probable con- 
nection of the depth of the sea there, and of the co-tidal lines, 
being traced on the chart. ‘The lines connecting these two sys- 
tems are uncertain. ‘The tide-wave appears to move backward 
from the northern extremity of Cape Cod to the southern, or 
Monomoy Point; but this part of the subject requires further ob- 
servations for its elucidation. 

I have tried, in discussing these observations, several other 
groups, but chiefly to learn whether stations must be multiplied 
or observations repeated ; and it is not necessary to occupy the 
time of the association with a detail of these trials, or with their 
results. ‘They will be used in the progress of the further obser- 
vations. 
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Arr. IV.—Approrimate Co-tidal lines of the Pacific Coast of the 
United States, from observations in the United States Coast 
Survey; by A. D. Bacue, Superintendent. Communicated 
by authority of the Treasury Department. 


Te western coast of the United States, between San Diego, 
California, and Columbia river, extending through 13° 35’ of lat- 
itude, and 6° 43 of longitude, is divided into three reaches, 
(see plate, ) the first from San Diego to Point Conception, the sec- 
ond from this point to Cape Mendocino, and the third from that 
Cape to Cape Disappointment at the mouth of the Columbia. 
The first reach, about 220 miles in extent, is curved, the general 
trend being about N. 56° W. The second, about 430 miles in 
exteut, isin general straight, with moderate indentations only, 
and its trend isabout N. 27° W. The third, 370 miles in extent, 
is also nearly straight, trending nearly N. 5° E. 

The soundings on the coast generally, except in the harbors, 
have been for the purpose of general reconnoissance, and are not 
detailed enough to show the configuration of the bottom. 


Tidal Observations. 


Tidal stations for long series of observations have been estab- 
lished at San Diego, San Francisco, and Astoria, (Columbia river;) 
and between these, temporary stations at the points and for the 
periods stated in the annexed general table. Saxton’s self-regis- 
tering gauge has been employed at the permanent stations gene- 
rally and at some of the temporary stations also. 

The observations are under the direction of Lieut. W. P. 
Trowbridge, U. S. Corps of Engineers, and Assistant in the 
Coast Survey. ‘They were commenced in 1853, and are still in 
progress. The very intelligent and careful supervision of this 
officer is a guaranty for the character of the observations. The 
observers too were especially selected by him for their faithful- 
ness and intelligence. 

The number of results collected is such as to warrant an ap- 
proximate determination of the cotidal lines of this coast, to be 
checked when further results are obtained. This attempt has 
the advantage of pointing out deficiencies in the series, which 
otherwise would not so clearly appear. The following table 
shows the localities of observation and the duration of each se- 
ries embraced in this discussion, the name of the observer, and 
the kind of gauge employed. 
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TABLE I, 


Tide Stations on the Western Coast of the United States, the results of which are 
_ discussed i in this paper. 


Siations. Time. Gauges. Observers. 


| 


| San Diego, .. .| 9 months (1853-4) | Self-registering. | A. Cassidy. 
San Pedro, ..... (1853-4) | iT’. A. Szabo. 

3} San Luis Obispo, .....| (1854) | Box, G. Sherman. 
Monterey, 12 (1854) Self-registering. | J. Ord. 
G. Sherman. | 

| H.E.Uhrlaudt.| 

I’. A. Szabo. 

.. JJ. A. Black. 

A. Szabo. 

0, Cape Disappointment, . \J. A. Black, 

1) Astoria, (1853- 4) |J. Wayne. 


| Bodega, (1854) 
3) Humboldt Bay, 
Port Orford, 


| 6| San Francisco,........ (1853-4) | | Self-registering. 
ls 


‘These results were in part tabulated by Lieut. Trowbridge, 
and in part in the Tidal Division of the Coast Survey office un- 
der the immediate direction of Assistant L. F. Pourtales. The 
discussions were made in general by Messrs. Heaton and Hawley 
of the same division. 

The times of high water are referred to the next preceding 
transit of the moon, transit F of Mr. Lubbock’s nomenclature, 
the epoch having been found to correspond to that transit. The 
mean interval between the time of high water, or the establish- 
ment corrected for half-monthly inequality for each station is 
given in the following table. A correction to carry the results to 
deep water is applied in the way described in my paper on the 
cotidal lines of the Atlantic coast of the United States,* giving 
the establishment used in obtaining the cotidal hour. 

The latitude and longitude from Greenwich of each tidal sta- 
tion is given in the table to the nearest minute. The cotidal 
hour found from the establishment corrected for depth and the 
longitude from Greenwich is in the last column of the table. It 
is not necessary to apply a correction for the different transits as 
the difference between the greatest and least corrections amounts 
to but five minutes. 

TABLE II. 
Data for the Co-tidal lines of the Pacific Coast of the United States. 
\Corrected Correct? n|Pinal corr. |_ Latitude Longitude +] Co-tidal 


jestinates fer depth | estimate. 


Stations. 


3an | 9 
San Pedro,..... .. 37 | 10 9 
San Luis Obispo, | 8 10 
| 
| 


& 


Monterey, 0 10 2 

Santa Cruz, 3 10 

i 9 11 

97 ll 

9 | 11 53 
Port Orford | O 11 26 | 42 

r Columbit a River (Cape Dis-| 12 ; 16 1] 
appointment | 


on 


to 


* Proceedings of the Amer. ame. Adv. Science, Washington meeting, 
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27 | 33 481118 | 17 20 
1 | 35 11 | 120 18 04 
36 | 121 | 18 28 
57 | 122 | 18 21 eae 
48 | 122 | 19 57 
18 | 123 | 19 22] 
45 | 20 10} 
44/104 | 19 44 
17 | 123 20 00 
1854, 
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Co-tidal Hours. 


The cotidal hours thus far obtained between San Diego and 
Cape Disappointment, Columbia river, are contained between 
174 20™ and 20 10™, increasing as a general rule, but with strik- 
ing exceptional cases, and not regularly in passing northward. 
The cotidal hour of 174 20™ characterizes the two stations in 
the southern reach referred to in the description of the coast; 
185, 195, 205 are found on the middle reach, and 20% character- 
ises the northern. 


Co-tidal Groups. 


In discussing these results I have followed the same course as 
in the paper on the cotidal lines of the Atlantic, dividing the sta- 
tions into natural groups, and applying Lloyd’s mode of discus- 
sion of magnetic lines to them. 

The northern group of stations, between Cape Disappointment 
and Cape Mendocino, (see plate) is composed of Cape Disappoint- 
ment, Port Orford, and Humboldt. The mean cotidal hour is 
19°58". ‘The mean of the longitudes of the stations is 124° 12’; 
the mean of latitudes 42° 15’. Calling the differences between 
the mean longitude and the longitude of each station when re- 
duced to nautical miles z, the differences between the latitude of 
each station and the mean y, the ditference between the cotidal 
hour at each station and the mean cotidal hour z, and assuming 
x as the sign of the algebraic sum of the numerical quantities 
obtained for the co-efficients of the equations furnished by each 
station, we form and solve the equations: 


M2 2°+N2 2 y= 22 z 
NY ry+Ms z. 


In the case before us M gives for the co-efficient of the longi- 
tude 1°2 and N for that of latitude, 0-006. The tangent of the 


angle which the cotidal line makes with the meridian m7? 


and the angle is 2° 52’. The distance in nautical miles perpen- 
dicular to the cotidal line corresponding to one minute of estab- 
lishment or V M?+N2? is 1-2 miles, and therefore the progress of 
of the tide wave in one hour, 50 miles. This isa velocity less 
than the depth would indicate to be correct, and from the small 
differences in the establishments of the stations, this must be an 
uncertain datum. We shall see however that in the next group 
where the establishment varies more considerably this datum is 
still less probable than the one here obtained. 

The direction of the line is nearly coincident with that of the 
trend of the coast, the cotidal angle being 2° 52’ and the gene- 
ral trend of the coast differing but two degrees from it. 


- 
j 
fc 
F 
a 
tl 
a 
ee p 
ye 
an 
* 


Co-tidal lines of the Pacific Coast of the United States. 28 


The cotidal hours calculated from the separate equations are 
for Cape Disappointment 20" 00™, Port Orford 19° 44", agreeing 
precisely with the observed, and for Humboldt 205 09", differing 
but one minute from the observed. 

The observations bearing upon this group are extending north- 
ward, but the difficulties in the way of maintaining the stations 
are such, on a coast inhabited by aborigines, that I do not ven- 
ture to count upon speedy results. Lieut. Trowbridge is using 
his best efforts to establish the necessary stations. 

I precede the discussion of the Middle Group of stations by 
atable giving the results corresponding to several different hy- 
potheses which will in turn be examined. 
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Taking the five stations between Cape Mendocino and Point 
Conception as one group, we find from the table the angle of the 
Ssconp Seniss, Vol. XXI, No. 61.—Jan., 1856. 
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cotidal line with the meridian N. 35° 30’ W. and the mean co- 
tidal hour 18> 50™, the difference of establishment for one geo- 
graphical mile perpendicular to the cotidal line 4-7 minutes. As 
the observations at Santa Cruz were comparatively few in num- 
ber, it may be more proper to leave out that station, which will 
give for the corresponding results to those just stated N. 36° 43/ 
W., for the angle of the cotidal line, 18" 58™ for the mean cotidal 
hour, and 3-9 minutes for the cotidal difference in one geograph- 
ical mile. 

Omitting Bodega from this group we obtain for the cotidal an- 
gle N. 37° 26’ W., for the mean cctidal hour 18" 50™, and for 
the change of hour in one mile 3-9 minutes. 

Omitting Bodega and San Francisco from the first group, the 
three southern stations, San Luis Obispo, Monterey and Santa 
Cruz, give for the same values N. 33° 06’ W., 185 18™, and 49 
minutes. The direction of the cotidal line being nearly the 
same, its denomination only is changed. ‘THe 184 hours would 
give nearly 18} if carried to the cotidal line of the first hypoth- 
esis, 18% 50™, which is a good agreement. 

Omissions at the other end of the group produce the same re- 
sult. Leaving out San Luis Obispo from 1, we obtain for the 
cotidal angle N. 36° 30’ W., cotidal hour 185 47™, change per 
mile 4:4 minutes. The same result is obtained by other omis- 
sions in the series. 

The introduction of Humboldt into a group with Bodega and 
San Francisco gives results materially different from those ob- 
tained, reducing the cotidal angle to 18° 05’, and increasing the 
velocity to 40 miles per hour. 

"he combination of San Pedro with southern stations also 
changes the results so rapidly as to prove that the group is lim- 
ited to the south of Point Conception. 

The proof seems complete that these five stations form a sin- 
gle group. Using the determination in which Santa Cruz is 
omitted for reasons already stated, we have for the cotidal angle 
N. 36° 43’ W., which gives an inclination to the general line of 
the coast of about ten degrees. The line of nineteen hours 
meets the coast north of Point Aito Nuevo, and between it and 
Point San Pedro. 

The comparison of the observed and computed establishments 
from either of these Hypotheses, is very satisfactory, from that of 
the five stations. Santa Cruz alone stands out with a difference 
greater than fifteen minutes. For the second list of four stations 
the greatest difference is twelve minutes, and the mean without 
regard to signs is but six minutes. 

The velocity of the tide wave is less satisfactory from the 
other data rising to but fifteen miles per hour. ‘The depth should 
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give a greater velocity and the comparison with the northern 
group would indicate a much greater. 

In drawing the chart of cotidal lines I have not followed the 
velocities strictly. This group however lies favorably for the 
determination of the rate of motion of the tide wave, and the 
results of the various hypotheses in the table are quite consistent 
with each other in giving a low velocity. 

The southern group is imperfect as having but two stations in 
it. Further observations are required here and on the islands 
which separate Santa Barbara Sound from the great ocean. 
Combining San Luis Obispo with San Diego and San Pedro 
would require a retrograde wave, showing that they do not be- 
long to the same group. ‘The computations required in these 
discussions were generally made by Mr. Heaton of the ‘Tidal 
Division under my immediate direction or that of Assistant 
Pourtales. 

* Chart of Co-tidal lines. 


From this discussion I have drawn a chart of approximate co- 
tidal lines for the coast of Oregon and California (see plate). The 
chart on a scale of +5. 552,s55) the same which was used in pre- 
senting the cotidal lines of the Atlantic coast of the United 
States, shows the general configuration of the coast. 

The cotidal hours are marked near the several tidal stations. 

The straight lines resulting from the discussion of the north- 
ern and middle groups are delineated for the northern group the 
cotidal lines of xix and xx hours, and for the middle group of 
XVII, xvi, x1x and xx hours. 

The curves representing the approximate cotidal lines of 17, 
18, 19 and 20 hours are drawn in dotted lines, the character of 
the dots differing for the several lines. 

The line of 17$ hours would follow the coast nearly from San 
Diego to Point Conception, then the line of 18 hours nearly to 
Poiut Pinos. North of this point the lines of eighteen and nine- 
teen hours meet the coast obliquely at an angle of about teu 
degrees, the line of 20 hours appearing near Point Arena and 
following the coast generally to Cape Disappointment, the re- 
ceding parts having a little later and the projecting parts a little 
earlier hour. 

Throughout the extent of coast examined, the cotidal lines 
are either sensibly parallel to, or make a small angle with the 
general direction of the coast. The angle made with the coast 
between Point Conception and Cape Mendocino is greater than 
is general on the long reaches of Atlantic coast. 

The successive charts of cotidal lines of the Pacific have been 
tending toward the representation now given as more reliable 
observations have been collected. 
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28 On the Tides of the Gulf of Mexico. 
The last chart in 1848 of the Master of Trinity (Rev. Mr. 


Whewell*), to whom this subject owes so much of its progress, 
in comparison with that of Rear Admiral Lutke,t or with his 
own earlier map,t shows this tendency, the inclination of the 
lines to the coast being assured at each step. 
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Art. V.—Notice of the Tidal Observations made on the Coast 
of the United States, on the Gulf of Mexico, with type curves 
at the several Stations, and their decomposition into the curves 
of diurnal and semi-diurnal tides ; by A. D. Bacne, Sup’t. 


(Communicated to the American Association for the Advancement of Science under 
Authority of the Treasury Department.) 


Abstract.—The stations are eighteen in number. At four, 
hourly observations were made for one year or more, and at the 
remainder for not less than two lunations and generally for more. 
The stations at Cape Florida, Indian Key, Key West and Tor- 
tugas were intended to trace the tide wave through the Florida 
Channel; those at Egmont Key, Tampa, Cedar Keys, and St. 
Marks, to trace it along the Western Coast of Florida; at St. 
George’s, Pensacola, Fort Morgan, Cat Island and E. Bayou, (en- 
trance to the Mississippi,) to trace it along the south coast of 
Florida, Alabama, Mississippi and part of Louisiana, at E. Bayou, 
Derniére Isle, Calcasieu, Bolivar Point and Galveston, Aransas and 
Brazos Santiago for the coast of Louisiana and Texas. 

The observations were chiefly made by Mr. Gustavus Wiirde- 
mann with different assistants. At a few stations they were made 
by Corporal Thompson of the Engineers, Mr. Bassett, Mr. Tansill 
and Mr. Muhr. The reductions were made in the Tidal Division 
of the Coast Survey office by Assistant Pourtales, Mr. Gordon, 
Mr. Mitchell, Mr. Heaton and others. The methods used were 
those pointed out in my previous papers to the Association, the 
decomposition being in some cases made graphically, and ata 
part of the stations where the semi-diurnal wave is considerable, 
the ordinary method of working being used as well as those con- 
sidered peculiarly applicable to these tides. As it would be tedi- 
ous to present the results of these elaborate discussions in detail, 
when the co-tidal lines are introduced, I have thought it best 
briefly to refer now to the types of different tides, and to present 
to the Association the diagrams for the several stations showing 
upon a uniform scale the normal curves and their decompositions 
into the diurnal and semi-diurnal waves. 


* Royal Society’s Transactions, vol. lxi, 1848. 

+ Bulletin de la Classe Physico-Mathematique de I'Acad. Imp. des Sciences de 
Petersbourg, tome ii, No. 1. 

¢ Royal Society’s Transactions, vol. li, 1833. 
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Art. VI.—On the Distribution of Temperature in and near the 
Gulf Stream, off the Coast of the United Ntates, from Obser- 
vations made in the Coast Survey ; by A. D. Bacue, Superin- 
tendent.* 


(Communicated to the American Association for the Advancement of Science, by 
Authority of the Treasury Department.) 


I propose to present to the Association a brief summary of the 
result of observations made in the progress of the Coast Survey, 
in exploring the Gulf Stream, so far as the distribution of tem- 
perature is developed by them. ‘The entire observations have 
been reduced anew, under my immediate direction, - by Professor 
Pendleton, U. 8S. N., assistant in the Coast Survey, who has also 
gone over with me, systematically, the discussion of the work, 
preparatory to its publication in detail, and whose care, assiduity, 
and intelligence in the matter I desire here to acknowledge. 

At the Cambridge meeting of the Association, in 1849, I ex- 
plained the general plan of the exploration of the Gulf Stream, 
and presented the results of the observations made up to that 
time by Lieutenants C. H. Davis, Geo. M. Bache, 8. P. Lee, and 
Richard Bache of the U. S. Navy, in command of hydrographic 
parties in the survey. 

Since then, the work has been continued by Lieutenants T’. A. 
M. Craven and J. N. Maffitt, U. S. N., and has been extended 
south from Hatteras to Cape Canaveral. In addition to the sec- 
tions across the stream, upon which the temperature had then 
been examined, between Cape Cod and Cape Hatteras, others 
have been since explored from Cape Fear, Charleston, St. Simon’s, 
St. Augustine, and Cape Canaveral, and new and interesting re- 
sults have been developed in relation to the distribution of tem- 
perature across the sections, and to the connection, at least in 
some of them, between the peculiar distribution and the form of 
the bottom of the sea. 

The examination now made extends from about 42° north lati- 
tude to 284°, and from about 654° west longitude to 803°. It 
authorizes the construction of achart of the Gulf Stream, showing 
the distribution of temperature in and near it, not only at the sur- 
face but at various depths. 

1. Distribution of temperature at different depths. 

Having gone very fully into this subject, which was one of the 
first satisfactorily shown by the observations, I do not intend to 
repeat here what was then stated, except in a general way. The 
distribution of temperatures below a certain depth, in the cold 
current which exists between the shore and the Gulf Stream, 
and over which the warm waters of the Gulf flow, thinning out 


* From Rep. Superintend. Coast Survey, for 1854, pp. 15¢*—*161. 
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as they approach the land, was shown to belong to a state of 
equilibrium of temperature which would be assumed by a mass 
of water having warm water above it and cold water below it, 
to be represented by a logarithmic curve, and therefore to be due 
to conduction. ‘That in the Gulf Stream varied according toa 
different law, indicating a disturbance of equilibrium. Diagram 
No. 1 shows the distribution of temperature with depth, in the 
water between the shore and Gulf Stream, as deduced from the 
observations of Lieutenant G. M. Bache. The ordinates of the 
curve represent the depths, and the abcisse the temperatures. 
The depths, in fathoms, are written at the side of the diagram, 
and the temperatures by Fahrenheit’s scale, at the top. The 
position at which the temperatures at various depths, recorded in 
this diagram, were obtained, was in latitude 36° 15’ north, longi- 
tude 73° 52’ west, on the section intended to be made from Cape 
Henry perpendicular to the axis of the stream. This curve, and 
others of the same kind, were compared with the logarithmic 
curves which would best represent the observations, and their 
close coincidence with them shown. The curves were deduced 
by least squares, from an ingenious investigation by J. H. Lane, 
Esq., then of the Coast Survey, now one of the chief examiners, 
in the U. S. Patent Office. 

Diagram No, 2, taken also from Lieut. G. M. Bache’s observa- 
tions, shows the character of the curve of distribution near the 
axis of the Gulf Stream. These particular results were obtained 
in one of the positions on the Cape Henry section, in latitude 
35° 53’ N., and longitude 73° 34’ W. 

The projecting form of the curve towards 300 fathoms, and 
the moderate change of temperature, ten degrees, from 150 to 400 
fathoms, shown in that diagram, are characteristic features of the 
distribution in similar positions. 'The change from the surface to 
150 fathoms was 17° Fahrenheit. Diagram No. 3 represents a 
corresponding curve to No. 2, from Lieut. Maffit’s observations on 
the Charleston section, in latitude 33° 58’ N., longitude 73° 58’ 
W. In this the change between 100 and 400 fathoms is still 
less than in the former case, being but five degrees. 

Diagram No. 3 bis shows the curve corresponding to that of 
diagram No. 1, but on the Charleston section nearer to the shore 
than the axis of the stream in latitude 31° 48’ N., longitude 
78° 47’ W. 

2. Distribution of temperature at the same depth, on sections 
perpendicular to the aris of the Gulf Stream. 

Diagram No. 4 contains the results of observations on the sec- 
tion perpendicular to the stream from Sandy Hook, and shows the 
mode in which the observations were discussed. The positions 
where the temperatures were observed are marked at the head of 
the diagram, and above them the distance from Sandy Hook in 
nautical miles. ‘The temperatures are marked on the side of the 
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diagram. At each position a diagram was drawn similar to those 
of Nos. 1, 2, and 3, and from the curves traced with a free hand 
among the points, the results at the several depths, which are 
shown on diagram No. 4, were obtained. The curves traced 
among these points so as to preserve as far as possible consistent 
resuits for the various depths, are those given in the diagram. In 
the preliminary discussion of the results, I used the observations 
themselves at the different depths, and am, therefore, enabled to 
say, that while the curves present fewer irregularities by the last 
mode of discussion, as might be expected, the general results are 
not in any essential particular changed by its adoption. The dia- 
gram shows the curve of distribution of temperature at thirteen 
different depths from the surface to five hundred fathoms. The 
depths at which observations were taken were the more numer- 
ous nearer the surface, where the changes of temperature were 
the most rapid. These curves were next separated into groups, 
following the arrangement, which seemed best to apply to the 
sections generally. On the Sandy Hook section, for example, as 
shown in diagram No. 5, the results from the surface to 30 fathoms, 
from 40 to 100 fathoms, at 200 and 300 fathoms, are grouped re- 
spectively in the curves m, 0, and p, and that for 400 fathoms is 
given in curve r. 

The point where the axis of the Gulf Stream, or line of highest 
temperature, is cut by the section, is distinctly shown on the dia- 
gram, and the minimum of temperature or “cold wall” within 
thirty miles of it, nearer the shore. ‘These are the prominent 
features in every case. Further from shore than the axis of the 
stream, the Sandy Hook curves show one point of maximum and 
two points of minimum temperature. In the comparatively cold 
water of the in-shore-counter-current, two maximum points and 
one minimum are also distinctly marked. This diagram is in 
fact a general type of the results according to which the ocean in 
and near the Gulf Stream is divided into successive warmer and 
colder bands. The number and the general arrangement of them 
can, of course, only be made out by a comparison of the several 
sections. In the discussion, such a diagram was drawn for each 
Section. 

The curves of diagram No. 5 do not at all indicate at what 
depths the temperature would approach to equality across the 
section. 

_ The corresponding results for the Cape Henry section are shown 
in diagram No. 6 bis. The first or “cold wall” minimum, the 
axis maximum, two minima and two maxima beyond the axis, 
are well made out in all the groups, for the surface to four hundred 
fathoms. ‘The mean of the results at 0, 5, 10, 20, and 30 fath- 
oms, is shown by thecurve m; that of 50, 70, 100, and 150 fath- 
oms, by 0; and of 200, 300, and 400 fathoms, by s. 


4 
ha 
= 
i= 


32 On the Distribution of Temperature in the Gulf Siream. 


Not to multiply diagrams too much, I have omitted those for 
Hatteras and Cape Fear, which, besides, have nothing very espe- 
cially characteristic in them, unless it may be that the Hatteras 
section is one where the results are most disturbed. 

The next diagram No. 7, shows the results of the Charleston 
section. The groups m, n, and o, from 5 and 10 fathoms, 20 and 
30 fathoms, and 20, 30, and 50 fathoms, resemble each other very 
much ; p, the mean of 70, 100, and 150 fathoms, is slightly irreg- 
ular; and so is r, the 400 fathoms curve. ‘The curves from 5 to 
50 fathoms show extremely well the division of the stream, the 
first or “cold wall” minimum, the first, second, and third maxima, 
and the second and third minima. In-shore, from the first mini- 
mum, isamaximum. ‘The irregularities in these observations, 
though obtained with registering instruments at such considerable 
depths, are less than those which stationary thermometers, sunk 
in the ground, show in the passage of heat to them. 

Diagram No. 8 represents the Canaveral section, where the 
same results which have been stated are shown, but on a very 
diminished scale. The observations were not carried far enough 
from the shore to reach the second maximum. The first and 
second minima and the axis maximum are well marked. 

I have omitted, for reasons already stated, the diagrams of the 
other sections. ‘The same phenomena are in general repeated in 
all the sections. 

The permanency of the division of the stream in different 
years, and the accuracy and sufficiency of the observations, may 
be tested in two ways: the first by comparing the results of run- 
ning the same section in different years by different observers; 
the second by the consistency or inconsistency of the results ob- 
tained at one depth when compared with those at other depths. 

In order to compare the results of different years, some one sec- 
tion was to be explored in the successive seasons. Thus the 
Cape Henry section, connected the work of Lieuts. G. M. Bache, 
S. P. Lee, and R. Bache, having been explored by each. The 
Hatteras section was common to the work of Lieuts. R. Bache 
and J. N. Maffitt, and the same Charleston section was intended 
to be run by Lieuts. Maffitt and Craven. 

The Cape Henry section was three times run over; and it 
appears, by comparing the results of each season with the mean 
of the whole, that in each group of observations represented by 
one of the curves of diagram No. 6, there is an uncertainty of 
rather less than seven miles in the determination of the maxima 
and minima generally. The best determined points are the first 
and second minima and maxima—the “cold wall” minimum and 
axis maximum having an average probable error of 53 miles, and 
the other three points have an average probable error of eight 


miles. 
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This accordance is satisfactory whether viewed in relation to 
the probability of recognising the band in passing through it, or 
in reference to the determination of the positions of the observa- 
tions themselves, or to the distances apart of the positions. Dia- 
gram No. 6 represents in different lines the results of three years’ 
observations on the Cape Henry section, showing, with differ- 
ences which might be expected, the same general division of the 
stream. ‘The observations were made during the summer season, 

rtly for nantical reasons, and also as giving a nearer approach to 
equilibrium than the winter. 

The differences in the temperature of the whole mass of water 
at the same season of different years are often more considerable 
than the difference in distribution. 

The second test of the probable accuracy of determination of 
the several principal maxima and minima was by a comparison of 
the independent determination of the maximem and minimum 
points in the curves of distribution at the same depth, correspond- 
ing to various depths from the surface. It was first established, 
by a geveral induction, that all the points of maximum and min- 
imum, except the “cold wall” minimum and axis maximum, are 
probably, as a rule, vertically over each other. Next the curve 
was found, by which the recession of the first minimum and 
maximum from the shore, as the depth increased, could be repre- 
sented. ‘The differences then, from the mean curve of recession, 
for the first two points, and from the vertical line or average posi- 
tion for the other points, gave the probable discrepancy of deter- 
mination. It would be out of place here to give all these labored 
details. This discussion gives as might be expected, smaller 
probable errors than the other; for this takes in accidental errors 
only, and that includes real changes. ‘The mean probable error 
of determination of the first four points from this investigation 
was for Cape Henry section, for the mean of the three*years, one 
mile; and of the other three points rather more than two miles. 
This includes three determinations of which each result is the 
average. 

The corresponding results for all the sections are given in Table 
No. 1 and show on the average less than one mile of uncertainty 
for the mean determination of the first or “cold wall” minimum ; 
two miles and a half for the first or axis maximum, and the second 
minimum between them ; and four miles for the next three points, 
and about eight and a half for the fourth minimum, which was 
shown on but three of the sections. 

The Hatteras section presents, as before remarked, the most 
considerable discrepancies in its results, incident, most probably, 
to the nature of the phenomena themselves in that region. 

Szconp Ssrtes, Vol. XXI, No. 61.—Jan., 1856. 5 
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TABLE No. I, 
Showing the probable uncertainty in determination of the maximum and minimum 


points. 
Uncertainty, in miles. 
Name of section. [Cold wall,) Axis of, | song | Second | Third | Third | Fourth 


or Gret | or fret ‘minimum| maximum! minimum|maximum minimum 
minimum. maximum 


Sandy Hook, 

Cape May, 

Cape Henry, (3 years), 
Cape Hatteras, (2 y’rs), 
Cape Fear, 
Charleston, . 

St. Simon’s, 

St. Augustine, 

Cape Canaveral, 


Final value,.....| “249 


The discovery that soundings could be carried nearly across 
the Charleston section of the Gulf Stream, and that after losing 
them on this section for a short distance they were reached be- 
youd the axis of the stream, was communicated to the Associa- 
tion at the Cleveland meeting, as resulting from the observations 
of Lieuts. J. N. Maffitt and T. A. Craven, U. S. N., assistants in 
the Coast Survey. The connection between the figure of the 


bottom and the division of the stream, which the observations of 
these officers established as applicable to the sections south of 
Charleston, is illustrated in diagram No. 9, in which the curves of 
equal temperature, the depths corresponding to them, and the fig- 
ure of the bottom, are given. In the diagram the distances from 
the shore are marked in nautical miles on the top, as also the posi- 
tions at which the temperatures were explored; and the depths 
in fathomssare stated on the left hand-side. Each curve is marked 
with the temperature (by Fahrenheit’s scale) which it indicates, 
and the curves are drawn for every five degrees from 57° to 77° 
Fahrenheit. 

The bottom of the sea slopes gradually on this section for some 
fifty miles, reaching a depth of about twenty fathoms ; then more 
rapidly to about 65 miles, and the depth of one hundred fathoms; 
and suddenly falling off to a depth greater than six hundred fath- 
oms—at about one hundred miles from the shore, where the depth 
is three hundred fathoms, a ridge, with a very steep slope on the 
in-shore side, and a little less to seaward, occurring fifteen hun- 
dred feet above the hollow to seaward of it, and distant about 
twelve miles from it. A second rise of five hundred feet, ona 
base of twelve miles, is followed by a depression of three hun- 
dred feet on a base of fifteen miles, and then by a gentle slope 
upward. 
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It is altogether probable that all the depths found by observa- 
tion are greater than the actual ones; but the bottom was brought 
up in several cases showing that the lead had reached it, and it 
is most probable that the proportions are not far from correct. 

The close conformity of the curves of temperature to those of 
the bottom is obvious from an inspection of the diagram. The 
descent of the curve of 57° in the deepest part of the section is 
aremarkable feature, not obliterated in the curves above it, but 
reaching uearly to the surface. In the midst of general coinci- 
dences there is no one discrepancy which indicates that there 
may be other causes which produce the distribution of tempera- 
ture in warm and cold bands besides the figure of the bottom. 
Further observations will show if this is so, or if it is an error of 
observation. 

We see in this diagram the cold water pressing towards the 
shore-side, following the form of the bottom along which it lies, 
and forcing the layers above it, to take the same general confor- 
mation. 

On the crest of the steep slope in the St. Simon’s section there 
isa forcing up of the cold water to a considerable height, as is 
shown less distinctly at position No. 1 of the Charleston diagram. 
This corresponds to the “cold wall” in those sections. 

Whether this remarkable discovery may be the clue to the gen- 
eral distribution of temperature in the Gulf Stream, on the deeper 
sections north of these, is well worth examining, and instructions 
have been given accordingly. 

4. The “ Cold Wall.” 

It is difficult to fix the depth of the Gulf Stream current, though 
easy to see, from the observations, that it is comparatively super- 
ficial, extending certainly, on the Charleston section for example, 
toa less depth than three hundred to five hundred fathoms, and 
resting upon cold water belonging to a much higher latitude than 
that in which it is found. Off Cape Florida, about twelve nauti- 
cal miles east from the light-honse, at the depth of 550 fathoms, 
the temperature was but 49° Fahrenheit in June, 1853. The 
mean temperature of the coldest month in the year, on the coast . 
in the same latitude with the poiut of the axis of the Gulf Stream 
at the surface on the Charleton section, is about 534° Fahrenheit. 
At Key West the mean temperature of the coldest month of the 
year is, from tbe report of the Surgeon General U. 8. Army, 69°39. 
Deep-sea temperatures of the ocean generally, are required for 
determining this and other questions of a similar kind. 

The lateral limits of the stream are more easily defined, espe- 
cially in the northern sections, where the change is so sudden 
from the warm water of the Gulf to the cold stream inside of it 
towards the shore, that the cold stream was likened, by Lieut. 
Geo. M. Bache, to a ‘cold wall” confining the warm water. 
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The diagrams of the Sandy Hook sections, Nos. 4 and 5, 
show this sudden change very strikingly between positions 13 
and 14, the probable minimum lying, however, inside of 13. So, 
also, the Cape Henry diagrams, Nos. 6 and 6 dis. The “cold 
wall” minimum and axis maximum are shown on diagram 10, on 
the same scale of miles at the top of the diagram, and tempera- 
ture at the side. That the “cold wall” exists south of Hatteras 
is proved by the same diagram, where the Cape Fear, Charleston, 
and St. Simon’s sections are compared with those for Cape Henry, 
Cape May, and Sandy Hook. The difference of temperature is 
less for the southern sections, but it is still strikingly marked. 

In the cold water inshore from the Gulf Stream, Acting Mas- 
ter Jones, of Lieut. Maffitt’s party, found a current setting south- 
ward, as also in the cold band outside of the axis. These results, 
if shown to be permanent, will be in the highest degree iraport- 
ant. As it is, the existence of them at any time shows the 
cause of many anomalies noticed by navigators in relation to the 
currents of the Gulf Stream. 

The investigations relating to currents remain to be made in 
detail, though some results have already been procured. It is 
important in work like this to confine the special attention of ob- 
servers to a few problems at a time, that they receive close ex- 
amination. 

As the warm water of the Gulf Stream flows onward and out- 
ward from the axis at and near the surface, the stratum, asa 
general rule, becomes thinner. The current is then outward 
from the axis as well as onward. 

5. The changes of the position of the remarkable points in 
the sections with the season, and other circumstances, are under- 
going investigation, some results having been already collected. 

6. Chart of the Gulf Stream. 

The alternate bands of warm and cold water into which the 
ocean in and near the Gulf Stream is divided, are shown in the 
chart now presented, as deduced from the discussion already re- 
ferred to. The higher temperatures are represented by the darker 
shades. The axis of the stream is marked by the darkest full 
shade, and the axis of the colder and warmer bands on each side 
of it by thinner shades, distinguished as stated on the chart. The 
axis, where it crosses the Sandy Hook section, is seen to take the 
general direction of the trend of the coast, which is even more 
closely followed by the “cold wall” axis. These lines are drawn 
with a free hand among the points by which they wouid be rig- 
idly determined in the several sections, so as to give a general 
consistency to their form. The variations from the points rig- 
idly determined are generally of the same order with the probable 
errors of those points. The probable outer limit of warm water 
is designated on the chart. 
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Within the “cold wall” minimum is a band of higher temper- 
ature crossing the Sandy Hook section, and generally well mark- 
ed, followed by a minimum which appears pretty well deter- 
mined on the northern sections. 

The limits of the chart show the limits of the Gulf Stream 
explorations up to the summer of 1853, inclusive, the work being 
still in progress. 


Art. VII.— Notice of Earthquake Waves on the Western Coast 
of the United States, on the 23d and 25th of December, 1854; 
by A. D. Bacne, Superintendent U.S. Coast Survey. 


{Communicated under authority of the Treasury Department, to the American Asso- 
ciation for the Advancement of Science.) 


In February 1855, I received from Lieut. W. P. Trowbridge, 
of the Corps of Engineers, Assistant in the Coast Survey, in 
charge of the tidal observations on the Pacific coast, a letter call- 
ing my attention to the singular curves traced by the self-regis- 
tering tide-gauge at San Diego, on the 23d and 25th of Decem- 
ber, and remarking that the irregularities of the curve could not 
be produced by disturbances from storms, as the meteorological 
records for the whole coast showed a continuance at that time of 
an ordinary state of weather, and the length of the wave was 
too great to be explained by such action. . 

“'There is every reason to presume,” he continues, “that the 
effect was caused by a submarine earthquake.” No shock how- 
ever has been felt at San Francisco. 

When the record sheet of the self-registering gauge at San 
Francisco was received, similar irregularities in the curves for the 
same days were found upon it. The sheet for Astoria presented 
little or no special irregularity. ‘These were the only self-regis- 
tering gauges actually in operation at this time. 

Waves of short period would of course escape detection by 
the ordinary hourly or half-hourly observations. 

About the 20th of June, we received accounts from Japan of 
a violent earthquake on the 23d of December, the notice of which 
was more circumstantial than usual, from the damage to the Rus- 
sian Frigate Diana, in the port of Simoda, in the island of Ni- 
phon, from the excessive and rapid rise and fall of the water. 

A detailed account of the phenomena of this earthquake and 
of the rise and fall of the sea produced by it in different places 
on the coast of the Pacific, is much to be desired, and 1 have 
thought that by the publication of the results obtained by the 
Coast Survey, the publication of official reports of the phenomena 
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might be induced, perhaps even similar observations may have 
been made, and these registers of the self-acting tide-gange, will 
show what observations it is desirable to have for comparison, 

Thus far we are left to the public prints for the information 
obtained,* and the different accounts are quite discrepant where 
they give details, and are usually, as intended merely for general 
information, too vague in the statements to give satisfactory 
means of comparison. 

A correspondent of the New York Herald writing from Shang- 
hae gives the following notes, stated to be derived from an officer 
of the Frigate Diana. 


* At 9 a.m. on the 23d of December, weather clear, thermometer 
72°, barometer 30, a severe shock of an earthquake was felt on board 
the frigate, shaking the ship most severely. ‘This shock lasted full five 
minutes and was followed at quick intervals by rapid and severe shocks 
for 30 minutes.” 

* At 9°30 a.m. the sea was observed washing into the bay, in one 
immense wave thirty feet high, with awful velocity. In an instant the 
town of Simoda was overwhelmed and swept from its foundations. * * 

** This advance and recession of the water occurred five times. * * 
By 2°30 p. m. all was quiet.” 


A communication in the same paper, purporting to give an ex- 
tract from the log-book of the Diana, states that— 


* At a quarter past nine, without any previous indication, the shock 
of an earthquake, which lasted two or three minutes, causing the ves- 
sel to shake very much, was felt both on deck and in the cabin. At 
ten o'clock a large wave was observed entering the bay. * * * 

“The rising and falling of the water were very great; the depth 
varying from less than eight to more than forty feet, and these changes 
at intervals of about five minutes continued until noon. * * * * 
Scarcely had half an hour elapsed when the rising and falling of the 
water became more violent than before. Between this time anda 
quarter past two, (when the agitation again became much less,) the 
frigate was left four times on her side, and once while thus laid in only 
four feet of water. ° ° 

* Since reading this paper I have received through the kindness of Commodore 
M. C. Perry, a copy of a letter from Captain H. A. Adams, U.S. N., who visited 
Japan in the Steamer Powhatan, to exchange ratifications of the treaty between 
Japan and the United States. Capt. Adams says: “Simoda has suffered dreadfully 
since your visit there. On the 23d of December there were several shocks of earth- 
quakes; the sea rose in a wave five fathoms above its usual height, overflowing the 
town and carrying houses and temples before it in its retreat. When it fell it left 
but four feet of water in the harbor. It rose and sunk this way five or six times, 
covering the shores of the bay with the wrecks of boats, junks, and buildings. Only 


sixteen houses were left standing in the whole place. 

“The entire coast of Japan seems to have suffered by this calamity. Yedo itself 
was injured, and the fine city of Osaka entirely destroyed.” 

Captain Adams then gives an account of the disaster to the Russian Frigate 
Diana, Admiral Pontiatine commanding, which was so injured in the harbor of Si- 
moda as to lead finally to her entire loss. 
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“Continuing to decrease in violence and frequency by 3 P. m. the 
agitation of the water and the*motion of the vessel conbequent thereon, 


were very slow.” * 
* At this time a fresh west wind was blowing, the barometer stood 


at 29°87, and the thermometer was 10°50 degrees R. (about 55°63 de- 
grees 


The official report of the disaster to the frigate will probably 
contain further and more precise particulars of the phenomena. 

Mr. P. W. Graves gives in the Polynesian a notice, for which 
I am indebted to Mr. Meriam, of an extraordinary rise and fall of 
the waters at Peel’s Island, one of the Bonin Islands, on the 23d 
of December. The first rise noticed was fifteen feet above high 
water, followed by a fall which left the reefs entirely bare. The 
hour when this occurred is not stated. “The tide continued to 
rise and fall during the day, at intervals of fifteen minutes, grad- 
ually lessening” until the evening. 

At Peel’s Island the waters rose on the evening of the 25th 
of December to the height of twelve feet. I have not however 
seen any notice of an earthquake on that day. 

I present to the Association a copy of the curves traced by the 
self-registering gauges at the Coast Survey tidal stations at San 
Diego, San Francisco and Astoria on the 23d and 25th of De- 
cember, 1854 (see plate). The curves representing tides of short 
period being traced upon the falling or rising curve of the regu- 
lar tide, their peculiarities are not so readily seen as when shown 
in the second diagram (see plate), where the regular tidal curve is 
represented as a horizontal line. The times of the San Diego 
curve are reduced to San Francisco time. ‘The curve at San Die- 
go presents may minor irregularities from the motion of the float 
not having been sufficiently checked to prevent the recording of 
the waves caused by the wind. 

Upon a falling tide the crest of these waves will be met earlier 
and the hollows later than upon a horizontal surface and the in- 
tervals from crest to crest, or from hollow to hollow, will be 
affected by the change of rate of fall. Upon a rising tide the 
reverse will occur. 

There can be no doubt that these extraordinary rises and falls 
of the water at short intervals, were produced by the same cause 
which determined the extraordinary rise and fall in the harbor of 
Simoda, in Japan, and at Peel’s Island. 

The San Francisco curve presents three sets of . aves of 
short interval. ‘The first begins at about 4" 12™, and ends at 8h 
52, the interval being 4° 40™. The second begins at about 94 
350, and ends at 13% 45", the interval being 4" 10™. The be- 
ginning of the third is about 133°, and its end is not distinctly 
traceable. The crest of the first large wave of the three sets 
occurred at the respective times of 4% 42m, 9b 54™, and 14h 17™, 
giving intervals of 5% 12™, and 45 23, 
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The average time of oscillation of one of the first set of waves 
was 35™, one df the second 31™, and one of the third about the 
same. ‘lhe average height of the first set of waves was °45 of 
a foot on a tide which fell two feet; of the second 19 of a foot 
on a tide which rose three feet; of the third somewhat less than 
‘10 of a foot, on a tide which fell some seven feet. The phe- 
nomena occurred on a day when the diurnal inequality of the 
tide was very considerable. The greatest fall of the tide during 
the occurrence of the first set of waves was ‘70 feet, and the cor- 
responding rise ‘60 feet. In the second the corresponding quanti- 
ties were ‘30 feet, and in the third 20 feet. ‘These waves would 
not have attracted general attention. 

There is a general analogy in the sequence of the waves of 
the three sets, which seems to mark them as belonging to a re- 
currence of the same series of phenomena. In the diagram No. 
3 A (see plate), the heights of the successive waves of the first 
set at San Francisco are shown by the dots joined by full lines, 
and of the second by those joined by the fine dotted line. The 
full faint lines show the heights of the first series at San Diego 
and the broken faint lines the heights of the second. The heights 
in hundredths of a foot are marked at the side of the diagram, and 
those of the successive waves are placed at regular intervals, the 
waves being numbered from 0 to 7 at the top of the diagram. 
The height is the mean of the fall from a crest to a hollow and 
of the succeeding rise from the same hollow to the next crest. 
The times of oscillation from one crest to the next succeeding, 
are placed on the same diagram, the times being written at the 
right hand, and the wave being designated at the lower part of 
the diagram No. 3, B. ‘The full line represents the times of the 
first series at San F'ranciso and the broken line the times of the 
second. ‘The full and broken faint lines represent the times of 
the first and second series at San Diego. 

The intervals between the times of occurrence of the crests 
of the successive waves in the first and second series diminish 
from 5" 10™ to 4° 48™ by irregular differences. 

The efiect of the rising or falling tide upon which these waves 
occur is of course greater in disturbing the heights than the times. 

The series itself looks like the result of several impulses, not 
of a single one, the heights rapidly increasing to the third wave, 
then diminishing, as if the impulse had ceased, then renewed, 
then ceasing, leaving the oscillation to extinguish itself. 

If we had a good scientific report of the facts as they occurred 
at Simoda, the subject would lose the conjectural character which 
must otherwise belong to it. Although we have no account of 
the place where the earthquake had its origin, the violence of its 
effects in Japan and the diminished effects at Peel’s Island, show 
that Japan was certainly not far from the seat of action. 
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Five successive waves of considerable height are spoken of as 
having occurred at Simoda, while by the gauge we trace eight, 
of which seven are of considerable height. ‘The highest wave 
at Simoda was estimated at thirty feet, at Peel’s Island fifteen 
feet ;—at San Francisco it was 0°65 feet and at San Diego in the 
first series 0-50 feet. 

At San Diego the same three series of waves are distinctly 
shown. ‘The first begins 15 22™ later than at San Francisco, 
correction having been made for the difference of longitude, and 
ends 0) 52 Jater. The interval is 30™ less than at San Fran- 
cisco, the oscillations being rather shorter than at the last named 
point. ‘The second begins at U! 54™ later than at San Francisco, 
and ends 34™ later. The third begins about 54™ later than at 
San Francisco. The average time of oscillation of the first set 
of waves is 31™, and of the second 29™, being respectively 4™ 
and 2™ less than of the corresponding series at San Francisco. . 

The average height of the first set of waves was ‘17 feet 
lower than at San I*rancisco, and the second as much higher. 
This fact taken with the difference in the times of oscillation 
leads me to suppose the difference in the two series due to inter- 
ference, which is also suggested by the position of San Diego in 
reference to the islands separating the Santa Barbara sound from 
the ocean. 

The general analogy in the succession of heights of the mean 
of the two series as shown in diagram No. 3, C, and in the times 
as shown in D of the same diagram, is very satisfactory. 

The difference in the periods of the tide at which the waves 
occurred would tend to cause discrepancies. 

The first series occurred on a rising tide of 4 feet, while at 
San Francisco it was upon a falling one of 2 feet. ‘The second 
began near high water and was chiefly upon a falling tide of 7 
feet, while at San Francisco it was upon a rising tide of 4 feet. 

The forms of some of the individual waves in the second se- 
ries at San Francisco and San Diego, accord remarkably, as those 
marked 1, 3, 4, 5, and 6, when reduced to the horizontal line. 
The comparison on the curvé where the distortion remains is 
also very instructive. The waves marked 1, 4, 6, and 7, are not 
unlike iu the first and second sets at San Diego. 

The observations at San Diego confirm then, in general, the 
inferences derived from those at San Francisco. 

The register at Astoria throws no new light on the subject. 
The bar at the entrance of the Columbia river would explain 
why the oscillations were lost or greatly reduced at Astoria, even 
if they arrived off the entrance of the river. The disturbance 
is marked on the register but in an irregular and confused manner. 

It was also apparently preceded by unusual oscillations of the 
water, 

Series, Vol XXI, No. 61.—Jan, 1856. 6 
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After allowing for the very free action of the float of the San 
Diego gauge, there appears to have been indications of disturb- 
ance previous to the great earthquake shocks and following them, 
occurring at intervals for several days after the 23d of December. 
The San Francisco gauge presents similar indications. 

No special effect appears to have been produced upon the time 
or height of high or low water by the earthquake which merely 
caused series of oscillations upon the great tidal wave. 

I now proceed to draw from these results some conclusions as 
to the progress of the ocean wave accompanying the earthquake. 

The latitudes and longitude of the places referred to, are as 
follows : 


Latitude N. Longitude. w. } 
San Diego, 82° 42’ j 117° 13’ 7 49 

San Francisco, 37 «48 | 122 26 8 10 | 
Simoda, | 34 40 | 291 02 444 | 


The distance from San Diego to Simoda from these data is 
4917 nautical miles, and from San Francisco to Simoda 4527 
nautical miles. 

According to one account the disturbance began at Simoda at 
9 a. m. or 224 23 44m Greenwich mean time, and the first great 
wave half an hour after. The first disturbance at San Francisco 
was at 23¢ 4" 12™, or 12> 28™ after that at Simoda, and the first 
great wave at 234 45 42m giving the same interval. The dis- 
tance and time from this account give for the rate of motion of 
the wave 363 miles per hour or, 6-0 miles per minute. 

The second account would give for the time of transmission 
12 13™, and for the rate of motion 370 miles per hour, or 6:2 
miles per minute. 

The San Diego observations give for the time of transmission 
of the wave from Simoda to San Diego 13% 50™ by the first ac- 
count, which combined with the distance gives 355 miles per hour, 
or sensibly the same result as derived from the beginning at San 
Francisco. ‘The first great wave would give identically the same 
result. 

From the results obtained we may determine the mean depth 
of the Pacific ocean in the path of the earthquake waves. We 
have found for the rate of motion, from 6-0 to 6°2 miles per min- 
ute, and for the duration of an oscillation 35 minutes at San 
Francisco and 31 at San Diego. This would give for the length 
of the wave on the San Francisco path 210 miles to 217 miles, 
and ou the San Diego path 186 to 192 miles. 

A wave of 210 miles in length would move with a velocity of 
6:0 miles per minute in a depth of 2230 fathoms. (Airy, Tides 
and Waves, Encyc. Metrop., p. 291, Table Il.) One of 217. 
miles with a velocity of 62 miles per minute in a depth of 2500 
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fathoms. The corresponding depth on the San Diego path is 
2100 fathoms. 

The disturbance of the 25th of December presents at San 
Francisco three sets of waves of seven each, and at San Diego 
one set of seven, agreeing in their general features with those 
at San Francisco, and then a set of seventeen, in which at first, 
intermediate waves seem to be wanting at San Francisco, or 
which have no analogous oscillations there. The crests of the 
first set occurred at a mean about 17™ earlier at San Diego than 
at San Francisco, the heights on the average were nearly the 
same, being ‘39 feet at San Diego and -44 feet at San Francisco, 
and the time of oscillation at the two places the same, namely 
41m, The origin of the disturbance was probably nearer to San 
Diego than to San Francisco. 


Arr. VIIL—Description of a Self-sustaining Voltaic Battery ; 
by Georce Maruior.* 


Many inquiries have been made in regard to the principles of 
construction of my battery, with commendation of its working 
properties, and I have even received large commercial orders for 
its construction, which, of course, I could not execute, so that, 
up to this time, a few sets only have been made for use in gov- 
ernment works. I now give a thorough description of the bat- 
tery, and of the principles on which its action depends, hoping 
that thereby the recent important applications of voltaic currents 
may be facilitated through my labors. 

The first forms of the voltaic battery were sc expensive and 
cumbrous, and withal so uncertain and fleeting in action, that the 
idea of applying galvanic currents to the great business affairs of 
life would certainly have gained nothing more than a smile from 
even the most sanguine philosopher. But, from the continued 
researches of electro-chemists, the world has now the benefit of 
electro-metallurgy and the electric telegraph. Even the batte- 
ries now employed are uncertain to a considerable degree, and 
require constant attention. Any consideration, therefore, tending 
to the improvement of the instrument, so as to avoid the neces- 
sity for frequent attention, cannot but be appreciated at this time, 
when the world is asking science for a telegraph across the Atlan- 
tic, and we are looking for a line from the Pacific to the Missis- 
sippi, on which there must needs be many stations or relays of 
batteries, that from the uninhabited state of the country caunot 
be constantly attended or even frequently visited. 


* From the Report of the Superintendent of the Coast Survey, 1854. Wash- 
ington: 1855, p. #193. 


a 
‘ 
- 
= 
x 
| 
>, 
| 


44 Self-sustaining Voltaic Battery. 


The construction which I have devised will, I think, obviate 
many of the difficulties attending telegraphing ; and the princi- 
ples of electro-chemistry, and even experience, justify me in say- 
ing that batteries may be constructed to be buried in the earth or 
sunken in the sea, which will certainly and uniformly continue 
in action for very long periods, even for a hundred years. 

In my battery there is no new element, neither is the form 
such as to attract attention in respect to anything in it mate- 
rially different from the batteries now in use. It is only in all 
the parts being constructed with rigid adherence to the princi- 
ples of electro-chemistry that its peculiarity consists, and there- 
fore a consideration of the principles is necessary to its appre- 
ciation. 

A charged voltaic battery may be considered as a factory of 
electrical power, just as a charged and ignited furnace is a factory 
of heat, and similarly in both cases the rapidity with which the 
fuel is consumed. and the steadiness of action, will depend on the 
arrangement of the parts. A furnace in action consumes the fuel ; 
whether the generated caloric be applied to use or suffered to run 
waste, the chemical affinity will sooner or later consume the fuel ; 
and though the action may be diminished to some extent Vy cut- 
ting off some of the conditions of combustion, the extent of that 
action will depend on the construction of the furnace. Jf a fur- 
nace could be made so that we might draw off the requisite 
amount of caloric to boil a pound of water just as it might be re- 
quired, and retain the residue until we again had occasion to use 
the fire, then such a furnace would be a storehouse of caloric, just 
as a granary is a storehouse of grain from which we draw a sup- 
ply, and keep the residue in store. 

The same remark will apply to the battery ; once charged, the 
chemical affinity consumes the material sooner or later, usefully 
or not, and we can entirely arrest action only by unloading. 
Much indeed can be done by modifying the conditions of action, 
but, as in the furnace, all will depend on the construction. 

‘To make a battery which can keep the action in reserve, is 
the problem of a depot of electricity. 

The uncontrollable nature of the voltaic conditions, I conceive, 
to be the cause why batteries have not hitherto been constructed 
with reference to the whole amount of force, as well as to the 
strength or rate of working. 

Previous to my own efforts [ know of no attempts at putting 
a quantity of galvanic material in store ready for action just when 
required, 

A cell of the reservoir battery is in form a four-sided prism of 
stone-ware, eight inches long, three inches wide and ten inches 
deep. 
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On the side, at the depth of three inches, is formed a trough 
or tray, an inch wide and half an inch deep, running the length 
of the side. This tray is made with the jars. 

It is indispensable that the jars should be completely water- 
tight, but they are difficult to obtain; and thus far I have had 
none which have given full satisfaction. The best were of 
chemical stone-ware, but only half of them were water-proof. 
A coat of glazing cannot be depended upon for sealing, as in ves- 
sels for culinary and table purposes, as sulphate of zinc penetrates 
even the beautiful stone-ware called “ granite.” 

When unable to obtain good rectangular jars, I have used cyl- 
indrical glass jars, and formed the tray with cement on a plate of 
glass or gutta-percha, a little less in width than the inner diame- 
ter of the vessel. The plate can be kept from moving by pro- 
jecting jogs, which catch on the edge of the vessel. ‘The plate, 
tray, and jogs can easily be moulded in one piece in glass. 

The conducting plate of the battery is of the platinized silver 
introduced by Mr. Smee; but the mode of preparing it is differ- 
ent. I first puncture it closely with a square-pointed awl. The 
holes should not be cut with a punch, which removes the metal, 
but formed by pushing the metal up in burs, like those on the 
common tin grater. In this way none of the surface is lost, 
and both sides of the silver are rendered eflicient to a single sur- 
face of zinc. After the plate has been punctured, it should be 
well cleaned, and then electro-plated until the deposit begins to 
roughen ; this very much improves the stability of the plate, and 
greatly augments the extent of surface. ‘The cyanids should 
then be well washed away with hot water, and the plate be pla- 
tinized. I find that the platinizing is very durable, if the ar- 
rangements for depositing the platinum are made so that the 
bright metallic platinum shall first be deposited, and the amor- 
phous form (black deposits) gradually succeed it. ‘The reguline 
deposit of platinum can readily be obtained by using a mixture of 
chlorid of platinum and chlorid of sodium, (instead of the acid so- 
lution of chlorid of platinum recommended for obtaining the black 
powder, ) with a train of small batteries and a platinum electrode. 

The conducting plate is attached to a square bar of lead nine 
inches long, and five-eighths of an inch across the sides. The 
bar rests on the top of the jar, and is kept from moving horizon- 
tally by studs near the ends. At the distance of an inch and a 
half from each end of the bar is a pendant an inch long, and of 
nearly the same section as the bar. ‘The plate is attached to the 
bar by sawing a slit a third of an inch deep in each pendant, in 
the direction of the length of the bar, inserting the silver in the 
slit, and thoroughly closing down the lead on the plate. ‘This is 
conveniently done by biting the pendant in the jaws of a com- 
mon bench-vice. In the side of the bar, near the middle, is 
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screwed a thick copper wire, which projects out horizontally two 
inches and a quarter, and then drops three inches and an eighth. 
Into the end of this wire is tapped a piece of platinum wire, 
which is left projecting about an eighth of an inch. Every part 
of the copper-wire should be thoroughly coated with cement or 
encased with a glass tube, or the vertical part may be encased with 
glass and the horizontal with cement; but when glass is used, it 
should be cemented on so as to exclude entirely the liquid of the 
battery, thus preventing its contact with the copper. If cement 
alone is used, the wire should first be wrapped, otherwise the ce- 
ment is liable to become detached, as it does not hold so well to 
the copper as it does to the wrapping. 

The zinc plates of the battery should be one-fourth of an inch 
thick, aud of the length of the inside of the jar or tray. The zine 
should be well amalgamated, and then placed in the jar with the 
edge resting in the tray, and the tray filled with mercury. The 
plate is secured in place by its length and by the encased wire 
from the adjacent cell, which hinders it from falling forward. 

But the terminal zinc must be secured by a wire similarly en- 
cased and tipped with platinum to dip into its mercury tray, and 
then bent down against the outside of the jar to a glass or iron 
cup containing mercury, for continuing the circuit. 

The wire from the terminal silver should dip into a similar 
cup. If, then, the conductor which continues the circuit be en- 
cased and tipped with platinum, the current may be led off from 
any portion of the train by inserting the conductor into the mer- 
cury tray. 

The jars are charged with a mixture of one part of sulphuric 
acid, aud six parts of water. These proportions are calculated 
for dissolving all the zinc and all the sulphate formed, and leav- 
ing a slight excess of acid and water. 

When the mixture of acid and water is made, it should be 
allowed to get cold before it is put into the jars, if the silvers are 
to be put in; for a hot solution of sulphuric acid would act on 
the silver, and dissolve a portion, which, though very small, 
would ruin both the silver and the zinc plates, as will presently 
be made to appear. 

Lastly, the silver plates should never be put into the acid 
when the zines are not in, as in that case the silver, not being 
enfilmed by hydrogen, would be in danger from the acid. 

To hinder evaporation from the jars, the battery is placed in a 
box made with a double rim on the lid so as to form a deep 
trough or recess, into which the walls of the box go when the 
lid is puton. When the battery is to remain a long time with- 
out attention, the box shouid be completely air-tight. 

I have devised no special plan for hindering the evaporation, 
for the particular circumstances in which the battery 1s placed 
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will cause the rate of evaporation to be great or small: thus, 
when the battery is exposed to frequent changes of temperature, 
the loss from the jars will be great, (even though a box is used) 
if the air can flow in and out. But when the battery can be 
placed in a vault or cellar having a uniform temperature, and not 
subjected to frequent changes of air, then no box will be required, 
if the battery can be filled up every few months. When a vault 
cannot be had, a heap of earth over the box will greatly hinder 
changes of temperature and evaporation. Only let it be remem- 
bered that the jars should be kepié full, either by refilling or by 
hindering evaporation. 

The form of a battery described above has advantages over all 
others in simplicity and cheapness, as well as certainty and econ- 
omy of action. Its riddance of the usual appliances for making 
contact, such as binding screws, clamps, and soldered joints, so 
expensive in manufacture, and yet so very uncertain in use, will 
certainly commend it to every one who knows the endless trouble 
which invariably attends the use of these joinings. How often 
has a lecture been spoiled because there was a bad contact which 
could not be detected; and how often do we hear of a whole 
day being lost in telegraphic operations, from the nitric acid hav- 
ing eaten off the sclder which joined a platinum to a zinc in the 
Grove’s battery. Moreover, we have no residues of the zincs— 
no necessity for re-amalgamation. 

To show all the advantages of the arrangements described, 
for maintaining the conditions of voltaic action, would be to take 
a full view of the theory of the generation and diffusion of vol- 
taic electricity, which would be impossible in this communica- 
tion. Yet, to set these advantages in some light, I will take but 
a glance at the voltaic action. 

The universal feature of a voltaic combination is that of three 
substances in a series, in which the two extreme bodies have dis- 
similar properties with respect to the intérmediate, which is a 
compound body, so constituted that one of its components can 
be eliminated by one of the extreme bodies, and the other com- 
ponent by the other extreme body. In all useful batteries, one 
of the extreme bodies is zinc ; the other, some less oxydable con- 
ductor; and the intermediate, water, or water with some acid, 
generally the sulphuric. The relations and actions of these three 
substances will embrace all that relates to the generation of the 
voltaic current. 

We will suppose that the function of the zinc is to disturb the 
electrical equilibrium, by combining with the oxygen of the 
water, (or, if we consider the electrolyte as sulphate of hydro- 
gen, the action will be the same,) that the function of the water 
is to transmit the disturbance by a wave of decomposition and 
recomposition, and that the function of the less oxydable sub- 
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stance (the conducting plate) is to produce equilibrium, by elim- 
inating hydrogen from the electrolyte. 

The chemical affinity generates the electricity by the combi- 
nation of the zinc with the oxygen, and the decomposition of the 
water. Therefore the amount of electricity, and the consequent 
tension which the affinity can generate in a given time, will de- 
pend on the favorable circumstances for chemical action, such as 
the presence of acid to dissolve the oxyd of zinc, which other- 
wise would soon exclude the electrolyte by encrusting the zinc ; 
the presence of water to dissolve the sulphate of zinc; tempera- 
ture affecting the solvent capacity of the water, and the reaction 
of the tension against the affinity. 

When a battery is first charged, all the conditions are prime ; 
from this there is a decline by several ways to the point of no 
action. ‘The decline may result from a changing of the electro- 
lyte or of the conducting plate. The character of the change, 
and the rapidity of decline, will depend wholly on the construc- 
tion of the battery. The construction may be such that the ac- 
tion will wholly cease before even a small portion of the mate- 
rial is consumed. When the zinc plate of a battery is placed in 
such a situation that the generated sulphate of zinc cannot flow 
away, as when the plate is placed at the bottom (horizontally) of 
the jar, and the arrangements are made such that the quantity of 
electricity, and the consequent formation of zinc salt, shall ex- 
ceed the rate at which the diffusion of the salt can take place, 
the zinc plate will soon become coated with a crop of crystals. 
As the cessation of action here is visibly due to exclusion of the 
excitant, it follows that in whatever position the zinc plate is 
placed, just in proportion as the sulphate of zinc excludes the 
excitant, will the capacity of the chemical affinity to generate 
the electrical tension decrease. 

Many plans for removing the sulphate of zinc from the cell 
have been devised. “The most of these have been based upon 
the idea that the sulphate by its superior gravity would subside 
and saturate the lower parts of the solution. I have tested the 
value of this idea by the following method: Vessels thirty-eight 
inches deep were filled with solutions of the sulphate of various 
degrees of saturation; then, after letting the solutions repose for 
several days at a uniform temperature, I drew off a portion of 
the liquid at the bottom, and a portion from the depth of three 
inches from the top, and in no case found a difference of density 
to produce more than one degree of Baumé’s hydrometer. But 
I have found that even a saturated solution will always be con- 
siderably deficient just at the top, provided that it is not subjected 
to agitation. By this I learned that a calm solution cannot be 
saturated on the top. On this basis I formerly, in conjunction 
with Mr. J. Green, the well known maker of philosophical appa- 
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rattis, constructed batteries with the zine arranged horizontally 
within half an inch of the top of the liquid. These horizontal 
batteries required perishable mechanical contrivances for keeping 
the plates in position, which would quite unfit them for tele- 
graphic operations, though I still consider them superior to all 
others for electrotyping. By the action of these horizontal bat- 
teries we found that the grains of salt were deposited in crystals, 
at the bottom, while the top of the solution remained unsaturated. 
From a single cell of these horizontal batteries, which held 
four gallons, and was only eight inches deep, I have frequently 
taken two and a half gallons of crystals of sulphate of zinc. I 
have sought to make use of these advantages about the top of 
the solution, in the construction of the reservoir battery, as far 
as practicable with simplicity of construction. In all other bat- 
teries, the important principle of the subsidence of the salt has 
been wholly overlooked; for although it has been proposed to 
draw off. the saturated solution from the bottom, while fresh 
excitant was supplied at the top, yet the plates have invariably 
been placed with their lengths vertical. 

From what is said above concerning the horizontal battery, 
will be seen the advantage of using in the reservoir a long, nar- 
row plate of zinc, with the length horizontal. ‘This also has an 
advantage in regard to the mercury keeping the plate always 
well amalgamated, from not having a great height to climb. 

The self-amalgamation of the zinc has been introduced not 
merely with reference to the saving of labor and mercury, but 
with reference to the continued action of the battery. This 
mode of re-amalgamating appears somewhat specious at first; 
but soon the question arises, how far can the mercury creep up 
the plate and efficiently amalgamate it?) This will depend on 
the quality of the zinc, as will appear from a consideration of 
the uses of amalgamation. 

All commercial zinc contains mechanical impurities, such as 
charcoal, stones, &c., and is alloyed with various metals, but 
chiefly with iron. As the action of the solvent reduces the sur- 
face and leaves the impurities projecting, they are placed in situ- 
ation to form voltaic circles having the least possible resistance— 
which is being most favorably disposed for action. Every parti- 
cle of foreigu matter on the zine surface acts: as a conducting 
plate to it, evolving hydrogen from the electrolyte, and most 
rapidly consuming both the zine and the solvent. 

If now the zine plate is mercurialized, the enormous cohesive 
force of the mercury causes it to contract over the particles of 
carbon, iron, &c., and the surface of the plate is made homoge- 
neous, and consequently as the particles which evolved the hy- 
drogen are now excluded from the electrolyte, their action on it 
ceases. The mercury itself, if more strongly charged with zine 
Snconp Serizs, Vol. XXI, No. 61.—Jan., 1856. 
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in one place than in another, might evolve the hydrogen; but 
fortunately having a most perfect polish, it binds the hydrogen 
firmly to it. ‘This action of the polished metal we will consider 
presently. 

But as the consumption of the zinc goes on, the impurities ac- 
cumulate on the surface, and project so far that the mercury can- 
not envelope them; hence the efficacy of the amalgamation at 
any place will depend on the amount of limpid mercury at that 
place, and the amount of the impurities to be covered. Sol 
find that with the ordinary English and New Jersey zinc, the 
solution of twenty-five grains from a square inch of the surface 
(a depth of ;',th of an inch) will leave the impurities projecting 
so far that the quantity of mercury which can adhere to the zinc 
when in a vertical position, cannot prevent violent chemical ac- 
tion in the minute galvanic circles. But the zine known in com- 
merce as the “ Musselman’s” is so easily protected that I find the 
corrosion may go to the depth of one-fourth of an inch, and the 
mercury still be efficient when flooded over the surface. Here, 
then, is the answer to the question as to how far the zinc plate 
may be protected or efficiently amalgamated by standing it in a 
flood of mercury. If the plate is not to be dissolved to a very 
great depth, the good commercial zine will be sufficiently pro- 
tected; but for a longer time the zine should be redistilled, and 
for a very long time nothing but chemically pure zine should be 
employed. Practically 1 find that the “ Musselman’s” answers 
well for one year. 

From what has been said concerning the action of the impuri- 
ties of the zinc, it will be perceived that if any carbonaceous 
matter falls on the battery, it may attach itself to the zinc, and 
thus rapidly destroy the voltaic conditions by consuming the ma- 
terials; since the evolution of hydrogen would continue while 
there remained zinc to be oxydized, acid to dissolve the oxyd, 
and water to dissolve the salt. This shows the necessity of a 
box to prevent currents of air from sweeping over the battery; 
for even the dust which subsides from the atmosphere, may set 
up the destructive action. 

From the same kind of reasoning, it is obvious that the pres- 
ence of the least particle of any salt reducible by zinc or by hy- 
drogen should be avoided; and such a salt coming in contact 
with the zine, would instantly forma conducting plate. If we 
would avoid every risk of this destructive action, the fixtures of 
the battery must not be made of a metal which can form a solu- 
ble salt with sulphuric acid. 

I shal! have occasion to refer again to the employment of the 
oxydable metals for the battery fixtures; here I will merely state 
that | have found by experience that even silver is unsuitable, 
for when I employed a silver bar and silver pendants to hold the 
conducting plate, sulphate of silver was formed. 


4 
q 
q 
: 
— 
— 


Self-sustaining Voltaic Battery. 61 


We now come to the consideration of the most delicate part 
of the battery—the conducting plate. The function of this 
plate is solely the elimination of the hydrogen of the electrolyte. 
The plate, indeed, does conduct the positive electricity from the 
electrolyte. But by the chemical theory of the voltaic genera- 
tion, the elimination of the hydrogen from the electrolyte is the 
conduction of the positive electricity ; and the conduction of the 
positive electricity is the elimination of the hydrogen—the one is 
inseparable from the other, conduction and decomposition being 
identical in au electrolyte. 

By this it will appear that the liberated hydrogen should not 
be suffered to adhere to the conducting plate, for the gas being a 
very bad conductor, it will resist conduction, and consequently 
chemical action. 

The office of this part of the battery has generally been con- 
sidered a mystery, being subject to very great and sudden changes, 
which being unaccountable by mere inspection, were attributed 
to occult power called the “electro-motive force.” But certainly 
rational investigation can refer all the battery changes to known 
forces. By late investigations we know that the gases adhere to, 
and condense on, all solid bodies. If the attraction between a 
sheet of metal aud a molecule ef gas is regulated by those same 
laws which govern the planetary masses, then we can easily con- 
ceive that the more definite the plane of attraction, the more 
strougly will the molecule be drawn, and consequently the dens- 
er and higher will be the adhering layer of gas. And, by the 
same laws, we can see that an indefinite plane will act with op- 
posing forces, as we see in the deviation of the plummet in the 
vicinity of mountains; as we see in the perturbation of the plan- 
ets; aud as we suppose when a body descends toward the centre 
of the earth from the surface. The former of these conditions 
is fulfilled when the surface is polished; the latter when it is 
rough or unpolished. 

We can conceive the mounts of the roughness to rise so high 
above the plane of maximum force, that the adhesion to the 
prominences will be almost destroyed. And we can conceive 
the mounts to react so much against the pits that the plane of 
attraction shall be nearly or quite destroyed. We can conceive 
of asurface thrown into such fine points and recesses that a 
molecule of gas might float in equilibrium in the cavities, or ad- 
here with the least determinatiou to the prominences. Hence 
the great advantage of the deposit of finely divided metal. 

A surface atomically rough will hold only an atmosphere of 
the least possible height and density. But this is not attainable. 
We get the nearest approximation to an atomic roughness when 
a surface has been covered with amorphous inetal by electro de- 
position. ‘Then it may be said to be rough or unpolished to the 
greatest degree for that metal. 
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Could we view such a surface, or rather I should say want of 
surface, we doubtless should find it many thousand fold more 
rugged, uneven, and porous, than the common sponge. 

The various metals let go the hydrogen in the voltaic circuit 
with very different degrees of readiness. From my observations, 
I conclude that the attraction of the various metals for the gas is 
directly as their specific gravities. All the less deuse metals de- 
compose water, (evolve hydrogen). Sodium and _ potassium 
evolve the gas in torrents. The. base metals proper have less 
action on water, and a stronger attraction for the gas. The 
noble metals hold the gas very firmly, and are without action on 
water. 

The order in respect to evolution is the reverse in respect to 
gravity; and the order in respect to gravity is consequently the 
reverse of the order of fitness for a conducting plate in respect 
to the evolution of hydrogen. Platinum, gold, and lead, hold 
the gas very hard. When polished plates of these metals are 
used, the hydrogen adheres in large bubbles, which very slowly 
creep up the plate. Mercury I do not compare, because its me- 
chanical form is the best possible for adhesion ; but could we 
but polish the solid nobie metals as perfectly as the atomic polish 
of the mercury, I have no doubt but that the mercury, according 
to its density, would follow after gold. Silver answers better 
than the other noble metals. Experiment has not enabled me to 
decide that copper is better than silver, but I am much inclined 
to consider the copper as best. Iron is decidedly better than any 
metal above it in density, and requires no special preparation to 
make it evolve freely. Zinc isso prone to evolution that it is 
with difficulty that the hydrogen can be made to adhere. The 
metals of the alkalies cannot be invested with hydrogen like the 
denser. A mere particle of zinc will coat a surface of copper or 
iron with hydrogen, and protect it from oxydatiou forever; but 
as soon as potassium or sodium is deposited, it is instantly re- 
combined with oxygen, because it cannot be coated with hydro- 
gen. Here I may remark that the newly reported aluminum 
which is said to have the nobility of silver, with the density of 
only 2°5, ought, by the above views, to make a most admirable 
conducting ‘plate. 

By the above view, the adhesion of hydrogen is very nearly 
the reverse of the affinity for oxygen. Here we find silver with 
a medium adhesion and a low affinity. This at once indicates 
that it is the metal which will be generally used for making bat- 
teries. Iron, which is the most oxydable metal that can be em- 
ployed for conducting plates, has a very low adhesion, and for- 
tusiately a mechanical advantage from its ever-fibrous or granu- 
lar form, which greatly increases its fitness for evolution. Could 
it remain as iron in the battery, it would probably be ali we 
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should ever desire. Yet though it acts vigorously when newly 
cleaned, its aflinity for oxygen soon makes it worthless. This 
objection holds not only for iron, but for some kinds of batteries 
holds even against silver, and we are sent at last to the more 
noble metals. 

The difference between gold and platinum in respect to the 
adhesion, and also in respect to the liability to chemical change, 
is so small as to make the employment of one or the other merely 
a question of economy. But there is another property—one 
which quickly determines the preference; this is the capability 
of being put in the best mechanical form for non-adhesion, or 
making the closest approximation to atomic roughness. 

Of all the metals, platinum has the greatest teudency to the 
amorphous state, (excepting its relatives, rhodium, iridium, &c.) 
I do not remember having seen that its crystal has ever yet been 
determined. Not so with gold, its erystalline tendency is so 
strong, that it aggregates so much in precipitation, even from ex- 
tremely dilute solutions, that the deposit has a decidedly yellow- 
ish tinge, and the slightest pressure makes the deposit conglome- 
rate. I here need scarcely remind you of Wollaston’s tedious 
process for metallizing spongy platinum. 

If the above views of the nature of the adhesion are correct, 
then it follows that the surface of the conducting plate should 
be amorphous platinum, and nothing but amorphous platinum ; 
and consequently, if we wish our battery to retain its capacity 
to remove the hydrogen from the electrolyte, which, let it be 
borne in mind, is the capacity to conduct electricity, then there 
should not be the remotest liability of the amorphous platinum 
to have a deposit of any other metal, or any oxyd formed on it. 

Ou this consideration I have carefully avoided using any re- 
ducible base metal about the battery, in such a way that its salt 
might get into the cell. Ihave before shown what would be 
the consequences of this on the zinc plate, and equally injurious 
would be its action on the condneting plate, whether it were de- 
posited on it as metal or as oxyd. In either case the hydrogen 
wouid adhere, the conduction resistance would be increased, the 
tension would rise proportionally and react against the affinity ; 
the chemical action, the soul of the battery, would proportion- 
ately decline. ‘That the mutations of the battery from adher- 
ing coats of hydrogen, metals, or oxyds, on the conducting plate, 
are to be attributed to conduction resistance, I shall expect will be 
regarded by the advocates of electro-polar forces as wholly unten- 
able, and the resistance to be considered as incompetent to pro- 
duce thereffect. But that the gas resists is indisputable, and that 
it adheres to the conducting plate is equally indisputable, for we 
know that the very dust of the fields attracts and condenses the 
gases; and is it not, therefore, but as fair an inference that it ad- 
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heres somewhat to dense metallic plates? The thickness of the 
adhering film may be extremely small, but its resistance may be 
quite considerable, for the resistance of airs is almost incompara- 
ble to that of metals. We know that a battery has penetrated 
over 3,000 miles of iron wire, and when a battery of 2,0U0 pairs 
had the poles parted only the least distance that could be man- 
ipulated, then the galvanic action could not be exhibited. 

it remains now only to notice the electrolytic changes, with 
reference to continued action. The generated sulphate of zinc 
alters the conditions of action, not only by saturating the acid 
and water, but the dissolved sulphate itself is an electrolyte, and 
therefore may coat the conducting plate with zine, and deterio- 
rate it just as was shown would result trom the salts of the other 
base metals. Fortunately, there is not so much danger of the 
plate becoming wholly coated with zinc as with the other base 
metals, for the deposited zinc is rapidly removed by its great ten- 
dency to become salt, in which it is assisted by the close prox- 
imity of the uncoated portions of conducting plate, forming good 
local circles with it. Should there be no portions of the plate 
bare to reduce the counter-tension generated by the resolution of 
the deposited zinc, then we should have the tension acting 
against the battery current. This probably can never happen, 
yet the plate is often made nearly inefficient by the reduced zinc, 
when the acid is mostly saturated. 

The acidulated water or sulphate of hydrogen is electrolyzed 
by a far less tension than decomposes sul phate of zinc ; it is only, 
therefore, when the quantity of sulphate of hydrogen becomes 
proportionately small, and causes the tension to rise by its in- 
creased resistance, that the sulphate of ziuc is decomposed. 

But it is unquestionable that that force which is the result of 
the combination of the elements of sulphate of zinc, cannot of 
itself undo that combination ; yet while the battery is working, 
zine is constantly being deposited and re-dissolved. In consider- 
ing this action of the galvanic current, which is apparently so 
anomalous to the exhibition of every other known force, I have 
concluded that we should look for some .additional force acting 
conjointly with the current, rather than for a moment admit the 
absurdity of an “electro-motive force,” with its supposed capa- 
city of acting infinitely without expending itself. Such an addi- 
tional force | conceive can be found in the attraction of the mat- 
ter of the conducting plate for the heavy element of the electrolyte. 

If the conditions under which the deposition of the zine takes 
place be considered, it must appear that it is the attraction which 
makes the determination. In the first place the depbsition is 
nothing when the proportion of sulphate of zinc about the plate 
is small in comparison to the sulphate of hydrogen; but as the 
proportion of sulphate of zinc increases, the decomposition of it 
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begins*to show itself, until it becomes very copious in a nearly 
saturated solution. 'The supposition | have made is, that the de- 
position is effected by the conjunction of the attraction with the 
current or electrical tension; consequently the deposition can 
only take place when the tension is so high that the addition of 
the attraction enables it to overcome the affinity. This exactly 
conforms to the conditions; the good conducting sulphate of hy- 
drogen being removed, the bad conducting solution of zine will 
cause the tension to rise. I cannot now go into the discussion 
of the specific weights of the elements of the two electrolytes, 
to show that the attraction will act in the same direction with 
the electric tension. It is at once evident that if we admit that 
the matter of the plate attracts the elements or atoms—and what 
physicist at this day would think of denying it ?—then it follows 
that altering the aggregation of the surface of the plate will di- 
minish that attraction, just as it diminishes the adhesion of the 
hydrogen ; yet, as the molecule of zinc is so much heavier than 
the hydrogen aiom, the disturbed aggregation should extend 
much deeper into the plate for destroying the attraction for the 
zinc than is merely required for preventing the adhesion of the 
gas. On these principles I have made the conducting plate, with 
the disintegrated state of the surface extended to the greatest 
depth admitting of the requisite mechanical durability, for which 
the plate is electro-plated to the beginning of roughness before 
putting on the coating of platinum. 

I have sought to describe the peculiarities of this battery, by 
exhibiting the actions of the various parts, and the principles 
which guide me in their construction. ‘These principles, 1 ac- 
knowledge, are new in their application to the galvanic phenom- 
ena. Ihave only to say for them, that they are the acknowl- 
edged principles of matter and motion, and consequently the 
principles of universal nature. But it may be that my solutions 
are wrong, and that further research will not sustain these views ; 
yet, I ask for them a trial as to their conformity with the admit- 
ted solutions of the great multitude of natural phenomena. Thus 
we know that oxygen is condensed with a force of nearly a 
thousand atmospheres on spougy platinum; and does not geome- 
try show us that if the disintegrated mass attract thus strongly, 
the solid surface will attract enormously? and if oxygen is so 
strongly attracted by the solid surface, then why may it not at- 
tract hydrogen, which is only sixteen times lighter, sufficiently 
to condense a layer which the battery liquid cannot displace be- 
cause it is denser than the liquid? I must here ask ihat I may 
not be misunderstood by supposing that I refer to the bubbles of 
gas which adhere to smooth surfaces by the superincumbent 
pressure: geometry, indeed, shows us that these bubbles are dis- 
persed by a rough surface, but it also shows that these bubbles 
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are hemispheres, and therefore that they cannot entirely prevent 
contact of the plate and liquid. 

That the deposition of the zinc, also, should be referred to 
the attraction of the plate, is that which the universal principle 
of attraction demands. Why not admit that that attractive force 
which we know exists in all things, concurs with the electrical 
tension to produce this, when we are constantly seeing the great- 
est anomalies produced by concurring forces? ‘hus we know 
that the affinity of copper for oxygen, at low temperatures, is 
superior to that of hydrogen; yet, when a piece of coal is satu- 
rated with hydrogen and immersed in a solution of sulphate of 
copper, the hydrogen is oxydized and copper reduced, simply be- 
cause the attraction of the coal for the copper, added to the affin- 
ity of the hydrogen for oxygen, make a united force superior to 
the affinity of copper for oxygen. Here we have a voltaic circle 
composed of coal, sulphate of copper and hydrogen, which be- 
comes active by the help of attraction, and is enabled to decom- 
pose an electrolyte whose affinities are even stronger than those 
of the produced electrolyte. 

It has been considered as the standing miracle of electricity, 
and the unanswerable argument against the chemical theory of 
electrical excitation, that a battery will work in a neutral solu- 
tion of sulphate of zinc, and deposit zinc on the conducting 
plate; for, say the advocates of the electro-motive force, the 
force is greater than the aflinity of zinc for the negative element, 
for after overcoming the conduction resistance, it is still enabled 
to separate zinc from the negative element. But there is a little 
experiment which shows conclusively that it is the state of the 
surface of the conducting plate which determines the electroly- 
sis, and not a supposed electrical condition involved in the nature 
of the substance of the plate. Let a battery of several pairs be 
connected with a pair of large platinum electrodes, in a solution 
of sulphate of zinc, containing a little free acid—or a single bat- 
tery may be used if an electrode of zinc is used to receive the 
oxygen,—then, if the platinum electrode be well polished, zinc 
will be rapidly deposited on it, and there will be no hydrogen 
given off; then let the deposited zinc be dissolved off, and the 
platinum electrode roughened with emery and well platinized, 
and then restored to its former connection with the battery ; now, 
the same battery, with the same solutions and electrodes, will 
chiefly electrolyze the sulphate of hydrogen; there will be very 
little zine deposited, but the hydrogen will fly off in copious 
streams. 

As the reservoir battery is designed chiefly for telegraphs, I 
may, with propriety, before closing, say a few words relative to 
the quantity of electricity required to work a telegraph. I have 
measured the quantity of the current on some lines by interpos- 
ing voltametres in the circuit. 
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The quantity near the battery is very great compared with the 
quantity on the part remote from the battery, for the insulation is 
always imperfect; and of the whole quantity that leaves the bat- 
tery, only a small proportion reaches the remoter part. But to 
get all the waste included in my measurement, I measured near 
the battery, and found when the line was in good working order, 
the quantity of the electricity was that represented by the solu- 
tion of one grain of zine per hour. Sometimes the line would 
work well with much less than a grain; and often after the bat- 
teries had been recently charged, the quantity was ten grains; 
but mostly, when the line was in fine order, the quantity was 
about the grain. 

Supposing the current to be on about seven hours per day, 
(which I think comes near the time,) then one pound of zinc 
will supply all the electricity used in 1,000 days, or, say three 
years of business days. From this it will appear that my idea 
of a battery to serve 100 years is, at least, not so extravagant as 
to be without some show of probability. Such a battery would 
require zincs of only thirty-three pounds weight, or (allowing 
for some local action, as there is some always carried on, even by 
the mercury) say fifty pounds, which is a cube of less than six 
inches square. 

[ have lately had a fair opportunity of knowing the value of 
this battery. In May last, 1 charged six cells, which were put 
ina box in the upper laboratory, to be used in the experiments 
on photographic engraving. ‘The battery has since been in 
almost daily use for gilding deep-sea thermometers, or other in- 
siruments, or else in the experiments. Daring the six months 
which have elapsed, it has beet used probably 2000 times, in 
which there was nothing more required to get the current than 
to complete the cirenit. Daring the intensely hot spell of the 
past summer, L three times added a little water to supply the loss 
from evaporation, aud these were the only times the box was 
opened. 

Seconp Serres, Vol. X XI, No. 61.--Jan. 1856. 
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Art. IX.—The Vegetable Individual in its relation to Species ; 
by Dr. Avtexanper Bravy.—Translated from the German by 
Cuas. Francis Stone, B. A. 


Part II. (Concluded.*) 


Wane thus, on the one hand, all the facts seem to unite in 
establishing the individual nature ef the shoot, on comparing 
shoots in their qualitative relations, phenomena are brought to 
view which seem to contradict such a view of its individuality. 
The higher departments of the animal kingdom usually present 
as individuals representatives of the specific type agreeing in all 
essential respects, thongh, perhaps, not perfectly identical. The 
fact of the separation of the sexes was all that modified this 
view ; and here, indeed, the essence of the species does seem to 
be divided between two different individuals. Attempts have 
not been wanting to obviate this contradiction by the Platonic 
doctrine of the original unity of the sexes, by the assertion of 
Paracelsus ;+ that, in fact, the two together must be regarded as 
the one real individual,—and such like. 

This contradiction to the usual view of what constitutes the 
individual is shown in a far higher degree by qualitative compari- 
sons of vegetable shoots, not merely of the same species, but also 
of the same stock. ‘Thus we see, e. g., in Hquisetum arvense 
(Fieid-Horsetail ) shoots totally different in aspect proceeding from 
the same root-stock ; in early spring they are pale, discolored, 
unbranched, terminating with a strobilaceous-like fructification ; 
later, green and foliaceous ones appear, verticillately ramified. In- 
vestigations into subterranean vegetation show even other varie- 
ties of shoot-formation, viz., offsets dwindling down to a point, 
and club-shaped buds which, at a later period, drop off of them- 
selves. The Colt’s-foot ( T7'ussilago Farfara) presents similar 
phenomena, in early spring putting forth leafless shoots, with as- 
paragus-like scales terminating with yellow capitula, which in 
summer are followed by others bearing leaves. ‘The flowers in 
the little capitula of the first present a third variety of shoots in 
their lateral branchlets. Even in common life we distinguish 
leaf-buds from flower-buds, on many trees. Let us consider this 
relation in the Cherry tree, for example. On the same branch ° 
we find, on the one hand, buds which develop into branches 
bearing leaves, without producing flowers; on the other hand 
some bearing only little squamate leaves on the shortened axis, 


* For Part II, see the number for September, 1855. 
+ “For this ye must know: man without woman is not a whole; only with wo- 
man ishea whole. That is as much as to say: both together make man, and 


ther alone.” 
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from whose axils the flowers rise and form a third kind of 
shoot. 

On examining closer into the real origin of these differences, 
we find their ground to be a partition of the different steps of the 
metamorphosis (of the formations) among different shoots. True 
there are many plants which go through the whole series of form- 
ations, from the inferior* and the foliaceous formations up to 
flower and fruit; but the cases are quite numerous in which this 
does not take place, in which the single shoot is not able to pro- 
duce all the formations. ‘Thus there are shoots which are only 
able to realize the lower steps, and never attain to flowers and 
fruit; while others overleap all the inferior degrees and com- 
mence immediately with the formation of flowers. Hence, on 
the one hand, we see the metamorphosis interrupted, a stop- 
page taking place at a determinate step; on the other, the meta- 
morphosis attained by passing over the intermediate steps. Still 
more remarkable are the cases in which the retardation is not 
merely an interruption at a determinate step, but appears as a real 
retrogression in the metamorphosis, whereby an aliernate rise 
and fall,—an oscillation,—usually takes place, which may at last 
pass over in victorious progress to the formation of flower and 
iruit; though in most instances it prevents the shoot in question 
trom ever attaining itsend. Helleborus niger is an example of 
the first case ; for after many years of inferior- and foliaceoys- 
leaf formation, at last it attains superior leaves and fruit by over- 
leaping the formation of foliaceous-leaves which until then had 
prevented its farther progress.t Many of our trees with true fo- 
liage present examples of the second case. ‘Their branches com- 
mence with bud-scales (inferior-leaves), the succeeding foliaceous 
branch ends with a terminal bud, (thus falling back to inferior- 
leaf formation,) and in the next period of vegetation they rise 
again to foliaceous-leaf formation,j—as in the Oak, Beech, and 
Poplar. A similar oscillation between inferior-leaf formation and 


* On the terminology of the leaf-formations, see Wydler: Bot. Zeit., 1844, 36tes. 
Stiick., and A. Braun Verjiingung, p. 66. (Henfrey’s Transl. Ray Soc., 1853, p 62, T.) 

+ Analogous cases occur in the branches in 4scu/us and many Maples which at- 
tain to flowers. Among herbaceous plants Anemone nemorosa and Asarum Euro- 
panm also belong here, and especially remarkable is the Tulip, the plants of which, 
not yet ripe for flowering, annually develop one single foliaceons leaf, followed by a 
central-bud hidden in the middle of the bulb and composed of several inferior-leaves, 
Tbis bud preserves this position in bulbs deep in the ground, but in those nearer the 
surface it is, as it were, led out of the centre of the bulb, and sinks deeper inte the 
earth, causing an indentation of the surrounding base of the preceding leaf in form 
like a spur, boring through the old bulb and penetrating vertically into the ground, 
and at the same time sinking itself into a deeper stratum with the spur ;—an ar- 
rangement explained, but not with sufficient clearness by Henry in Nov. Act. Nat. 
Cur, vol. xxi, p 275, t 16 et 17. 

¢ In such librations, of course, the formation of the flower can only be attained 
by particular branches, deviating in character from the rest,—the catkins which pass 
ever leaf-formation advancing from the inferior-leaves immediately to the superior- 
leaves out of whose axils the flowers are emitted. 
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foliaceous-leaf formation, keeping pace with the change of sea- 
son, is seen in the creeping mait-shoot of Adoxa, aud in the 
stock of Hepatica nolilis, creeping clese to the soil, with its 
short internodes, and which in so far deserves its French name 
(ja fille avant la mére) as its flowers, which unfold before the fo- 
liage, do not belong to the same individual as the foliage, but are 
produced laterally as a “ daughter generation” frem the axils of 
the inferior-leaves of the maternal stem.* <A similar ;henome- 
non only ina higher degree, (a rising and falling between folia- 
ceous- and superior-leaf formation.) is presented by those plants 
whose inflorescence ends in a foliaceous coma, as is remarkably 
the case in the Pine-Apple, aud also in the New Holland species 
of Melaleuca aud Callistemon, whose crowded, brush-like imflo- 
rescence (i. e. the region covered with superior-leaves and bear- 
ing the flowers in the axils of these) returns and forms foliace- 
ous-leaves, and in the following year again attains an inflorescence. 

While every leaf-formation may bring the progress of the met- 
amorphosis on a single shoot to a consmmmation, it is conceivable 
that ove shoot may be allowed to each step for itself alone. Thus, 
there are shoots which represent inferior-leaf formation alone; e.g. 
the root-stock of Paris quadrifolia, the tuberiferous branches of 
the rhizoma of the Potatoe.t and there are seme which are en- 
dowed with the foliaceons-leaf formation only, as the primary 
axis of many species of Veronica, the sterile leafy branches of 
several Huphorbia, as well as the lealy branches of these woody 
growths which have vo bnd-seales and iio terminal inflorescence, 
(e.g. Rhamuus Frangula). Cases of pure superior-leaved shoots 
may be seen in the peduncles of Veromca Chamadrys, officina- 
lis, vte., in the (always lateral) spike-bearing scapes of Plantago, 
and the racemes of Convallaria majalis, wirich shoot out of the 
axil of the highest lower-leaf as branches. Even the leaf-form- 
ation belonging to the flower can be divided amoung ditlereut 


* The same obtains in Galanthus nivalis, in which every annual generation con- 
sists of one inferior-leaf. one foliaceous-leaf with a vagina, and ene without 2 vagina, 
which follow each other in simple alternation, in a distichous arrangement. The 
flower, as 2 branch, is emitted from the axil of the second foliaceous-leaf while the 
direct continuation of the shoot returns again to inferiorJeaf formation. In striking 
contrast to the extremely simple relations of this plant we find Ova/is tetraphulla 
and other species of that genus, in which the subterraneous main-stem also presents 
an alternation of inferier leat-formation and folinceous-leaf formation, advanemy with 
the change of season, but conjoined with a rare abundance of leaves and a compli- 
cated phyllotaxis. The number of the inferior-leaves amounts 10 several hundreds; 
and transverse sections of the bulbs, which last through the winter and are formed 
by the close approximation of these leaves, form some of the prettiest specimens of 
phyllotaxis, showing 21-15 arrangement through easily computable 8-, 13- and 21- 
ranked oblique spirals. The number of the foliaceous-leaves is not so large; they 
develop in the summer, and form an 8 to 13 leaved rosette, out of which the axil- 
iary inflorescences issue, with their long peduncles, 

In case (as sometimes occurs) the tuber does not pass through this formation 
and advance to foliaceous-leaf formation. The tuber is the thickened apex of the 
inferior-leaf shoot. Cf. the figure by Z'urpin : Mém. du Mus. d’Hist. Nat, t. 19, pl. 2. 
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shoots, and thus the flowgrs may be produced piecemeal, so to 
say; as is the case im all diecions plauts, where the two most 
essential formations of the flower (the stamens and pistils) are 
found, not in the same flower, but in two separate ones. Even 
the less essential parts of the flower, the sepals and the petals, 
may occur separated from the other particular shcotlets; as may 
be seeti in the ueutral flowers in the coma of the spike of Mus- 
cari comosum aud in the ray-flowers of the cyme of Vilurmum 
Opulus. ‘The destitution of the shoot may be carried so far as to 
cause it to produce but one single leaf, or one single formation 
(whether from the sphere of the plant-stock, or from that of the 
leaves); in which case the individual represents only one single 


? 


organ ; as, for instance, inthe branches which form the axis of the 
inflorescence in Vieta monanthos and other Leguminose with ra- 
cemes reduced to one flower, bearing one single superior-leaf, frem 
whose axil the flower proceeds. ‘The mule flower of Buphorbia 
is a peduncle whose flower consists of one single stamen.* Must 
we, vow, still regard as individuals, these shoots, so partially en- 
dowed, aid the last-named so destitute? Certainly! For if the 
individual can fall short, though ever so little, of the perfect real- 
ization of the specific idea,.then there are no limits to its imper- 
fection and destitution ; for, after all, the realization of this vegeta- 
ble Idea by the different members of the vegetable kingdom 
is precisely similar to the realization of the species by its single 
individuals. ‘To be sure our idea of a plant implies that it shall 


* The genuine cases will be of rare occurrence if we look at the cases which be- 
long here rigerously, that is. if we take into account the dwarfed foliaceous forma- 
tions which may possibly exist, suppressed or scarcely discernible. The male flower 
ot kny horbia itse.t properly belongs here only NM appearance, as two small senles 
(inferior-leaves) oceur, more or less developed, at the base of the peduncle. The 
small involucre of the male flower proceeds to develop itself out of one of these 
scales, (Cf. Wydler: Linnwa, 1843, p. 409.) Another example of a one-leaved 
shoot (though a spurious one) is presented in the Californian Pinus monophyllos 
(Fremont), whose lateral branchlets bear a fascicle of needle-shaped leaves reduced 
to one single needle: but this, as well as the pair of such leaves of our ordinary 
pines, is preceded by a vagina composed of several bud-seales. Perhaps another 
deception is played upon us in this case, for the perfectly round form of this needle 
excites the suspicion that it may be composed of two which have grown together 
through their whole length. The seed-bearing fruit-scales of the cone of Abictine, 
which are placed in the axils of the scales, also appear to be one-leaved shoots; but 
the series of changes which these scales present in cones of Pinus Larix which 
have completed their growth, proves that these fruit-scales are composed of two 
concrete leaves. The spurious axis of the Grape is a concatenation of alternating 
one- and two-leaved leaf-shoots, if we do not count the one or two little dwarfed su- 
perior-leaves, which in most cases are perceptible on the apex of the single shoot 
which finally forms a cirrhus. Ophioglossum presents a genuine case of a one-leaved 
shoot. The spike of this plant is a single fertile leaf, standing in the axil of the 
sterile one and hence belonging to a lateral axis, of which however nothing is per- 
ceptible but this leaf. (Cf. Schniz/ein: Icon. fam. nat. Heft IT, t. 32.) The utricu- 
lus of Carex is the solitary leaf of an axis which in its normal condition develops 
no farther, and out of which, as the axillary formation of the utriculus, the female 
flower is emitted. And the so-called neutral flower of Panicum, and the related 
grasses, is a shootlet which develops nothing but one leaf (the bract of the flower). 
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manifest its life in a series of sucgessive formations, that it 
shall put ferth its leaves, flowers aul’ Graic by successive steps ; 
and yet there are plants which produce no leaves and no fruit 
(the Cryptogamia); again, there are others which hasten on to 
form flower and fruit with various intermissions of the regular 
Steps, as is especially the case with the ugly parasites destitute of 
that green feliage which elsewhere is so characteristic a product 
of the vegetable world.* One of these (the Hydnora,t which preys 
upon the root of the South African Auphorbie) seems entirely 
devoid of all the foliage which is usually formed before the flower. 
Hence, therefore, in general we cannot necessarily regard indi- 
viduals as perfect representatives of the specific idea, and hence, 
too, we cannot regard them as representations invariably ideuti- 
cal in their realizations. Individuals appear rather as living at- 
tempts, by which the Idea is more or less attained, and is thus 
realized with various modifications. From this point of view 
even the differences in individuals, as pointed out by the doctrine 
of shoots, within the limits of vegetable species will no longer 
surprise us; on the contrary it will open to us a deeper insight 
into that independence presented to us even in the life of nature, 
in the realization of the internal problems of the creation. 

But here, too, as is so variously the case in nature, the regula- 
tive law is admirably united to the free configuration; for what 
gives a peculiar interest to the differences among shoots in the 
same species is the regular reciprocal relation among the shoots, 
as they reciprocally complete each other by their very one-sided- 
ness, and thus form a higher whole. In this respect the qualita- 
tive difference of shoots bears a certain relation to their origin, 
that is, to the order of ramification to which they belong. And 
as the formation of shoots, as was shown, is a process of propa- 
gation, we see here, in the history of the development of the 
species, propagation taking the place of individual development. 
A second individual takes up the thread of reproduction which 
the preceding one was unable tocarry any farther. Thus, what 
we are accustomed to see elsewhere attained in the individual, is 
here reached by the generation in a more or less strictly deter- 
mined cycle,—in other words, where the single shoot is incapa- 
ble, a determinate succession of shoot-series arises to bring the 


* Orobanche, Lathrea, Monotropa, Cynomorium, all of which agree in the infe- 
rior-leaf formation passing immediately into superior-leaf formation, and thus the 
formation of foliaceous-leaves is omitted. In the celebrated Repilesia the immense 
flower is preceded by bud-scales only, which must be considered as the inferior-leaf 
formation. The same occurs in Frostia, which preys upon the branches of arbores- 
cent Leguminose, and which resembles a mere flower so much that one might doubt 
whether it is merely a monstrous papilionaceous flower or a real parasite. (Cf. Hnd- 
licher : Gen. plant., p. 76, and Guillemin: Nouv. Ann. des. sc. nat., II, t. 1, and as 
to parasites in general, Unger: Annalen d. Wiener Museums, part IT.) 

E. Meyer: Nov, act. acad. L. C. nat. eur, XVI, 2, p. 771, t. 58 et 59, and R. 
Brown: On the female flower and fruit of Hofilesia and Hydnora, 1844, pl. 6--9. 
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internal problem of its existence to a consummation,—to complete 
the metamorphosis into flower and fruit. This remarkable phe- 
nomenon,—which is a very frequent one in the vegetable king- 
dom, and is one of the essential characteristics of many of the 
most important families of plants, e. g., the grasses, Synanthe- 
ree, Labiatiflorea, Cruciferae, Leguminosae, etc.,—is the same 
as that which in the animal kingdom (in whose lower orders it 
re-appears) was, we cannot say discovered, but brought to a 
clearer comprehension not long since by the Norwegian natural- 
ist Sars,* completed and confirmed by von Siebold’s investiga- 
tions into the history of the development of Medusa aurita,t 
and soon after substantiated in its universality by the Dane, 
Steenstrup, under the name of “alternation of generation,” or 
propagation and development by alternate series of generations. 
Single cases of alternation of generation had been already care- 
fully observed :§ but they were too much in opposition to the 
usual mode of reproduction to be understood in their true mean- 
ing. It was attempted to reconcile them with the customary mode 
by an unnatural interpretation, which regarded them as subver- 
sive exceptions to the general rule; while on the contrary almost 
all later works|| bring to light a multitude of unexpected facts 
which take their places naturally under the law of alternation of 


* In Wiegmann’s Archiv, 1844, where the observations published in the author's 
earlier works, on the adolescent states of fedusa are completed and concluded. 

+ Beitriige zur Naturgesch. der wirbellosen Thiere. Danzig, 1839. 

¢~ Ueber d. Generationswechsel, iibersetzt von Lorenzen, Copenhagen, 1842. 

§ Bonnet's industrious observations, the first that were made, of the alternating 
mode of reproduction of Aphis, published in his Traité de l’Insectologie in 1745, 
though made in 1740, belong here. Also Chamisso’s correct observations of alter- 
nation of generation in Salpe described in his Memoir: de Animalibus quibusdam e 
classe vermium Linnzana, Fase. I, 1819. Fragments in regard to the alternation of 
generation of 7'rematode were known, (but as such they did seem very enigmatical,) 
by Bojanus’s Beschreibung d. kénigsgelben Wiirmer (the “nurses” of 77ematode ac- 
cording to Steenstrup) aus welchen Cercarien (the larve of the final generation) 
herauskommen (Isis, 1818), and by v. Baver’s important work on Cercarie and the 
related Bucephalus, (Beitriige zur Kenntniss d. uiederen Thiere, Act. nat. cur., Vol. 
XIII, 1827). 

| Of the later works, by which the field of alternation of generation has been 
extended, I will adduce in particular; Sars: Fauna litoralis Norwegie, 1846, in 
which the sections especially important in relation to alternation of generation are 
those on Syncoryna, Podveoryna, Perigonimus, Cytais, as well as on Agalmopsis, 
Diphyes and Salpa—Van Beneden: Recherches sur Pembryogénie des Tubulaires 
(1814); Mém. sur les Campanulaires de la céte d’'Ostende (1845 in the mém. de 
l'Acad. roy. de Bruxelles, T. X VII); Recherches sur l'anat., la physiol., et le dével. 
des Bryozeaires (Mém. de Acad. roy. de’ Br. T. XVII1)—Dujardin: Sur le dével. 
des Méduses et des Polypes hydraires (Ann. des se. nat., Nov. 1845)—Arohn: Be- 
merkungen iiber die Gesehlechtsverhalinisse de Sertularinen (in Miiller’s Archiv, 
1843, p. 174); Ueber d. Fortpfl. u, Entw. der Biphoren (Froriep’s neue Notizen, No. 
868, 1846).— Busch: Beob. iiber Anat. u. Entw. d. Infusorien (Arch. f. Naturgesch, 
XV, p. 92). How great an importance must be attributed to the discovery of alter- 
nation of generation in dispelling the darkness which until then settled on the his- 
tory of the life and development of Eniozoa, may be seen in particular in v, Sie 
bold's pregnant communications in Wagner's Handworterbuch d. Physiologie, p. 
640 (Article: Parasiten). 
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generation as now known, and substantiate the pertinent words 
of Gethe with which Steenstrup opens his Memoir: “ Nature 
keeps on her course, and what seems an exception is in rule.” 
It was Sars, however, who first gave the answer to the riddle, 
the key to the newly opened domain, when he said of the course 
of development of Medusa, that here “ it was not the individual, 
but the generation, which underwent the metamorphosis.”* This 
was the true point of view; for Steenstrup dwelt too exclusively 
on the physiological side, the functional relations, of the alter- 
nating generations. Steenstrup, in fact, considered that the sig- 
nificance of alternation of generation consisted in its being an 
organic nursing of the brood connected with particular genera- 
tions, for which reason he termed the individuals of these genera- 
tions “‘ nurses ;’—a mode of viewing the subject, which, with all 
Steenstrup’s pregnant elaboration of his idea, and with all the 
analogies he pointed out between it and the well-known phe- 
nomena of nursing the brood by particular individuals among 
bees, wasps, ants and termites, does not seize the essential point 
of the phenomenon of alternation of generationst R. Leuck- 
hardt{ conceives alternation of generation from a more compre- 
hensive physiological point of view, in connection with the to- 
tality of all the other phenomena of the formation of different 
individuals, whether it occurs in a different or in the same geue- 
ration; regarding all these phenomena from the point of view of 
a division, uot merely of the generic task, but of the vital task in 
geveral, among certain individuals; considering it asa polymorph- 
ism determined by a division of labor. But even this view must 
lead to the morphological one; for the division of labor is deter- 


* Sars: lc. p. 29. This assertion, of course, must not be understood as if the 
particular generation did not come in for its part of a metamorphosis, Sars’ view 
is most beautifully corroborated by a comparison with plants; as in plants the meta- 
morphosis of the individual itself is connected with the formation which leads to the 
compietion of new parts, which in their turn have their own subordinate meta- 
morphosis. 

+ Steenstrup’s explanation is most correct in regard to the history of the devel- 
opment of Distome, whose nurses and grand-nurses are at last utricles entirely 
filled with the brood, and forming mere receptacles of the brood. Its application 
is less happy to those cases where the transition from the preparatory generations to 
the final generation takes place through external shoot- or bud-formation, as in Ser- 
tularie, Campanularie, and Coryne, whose nurses forming the polypstem can con- 
tinue to live even after the concluding generations, comparable to the flower in plants, 
separate or wither off. Hence the vital activity of the preparatory generations is 
not exhausted in the production of the brood. Steenstrup’s view, accordingly, 
would only be correct if non-sexual brood-production (by internal or external shvot- 
formation or by division) and alternation of generation were corre/otive conditions 
of each other. But this is not the case, as reproduction by shoots takes place with- 
out any alternation of generation in a great number of animals (Ascidia, Bryozoa, 
Madrepora), and by division as well (Astrea, Annulata, Infusoria), These cases are 
comparable to the occurrence of unessential branches in plants; while alternation 
of generation represents the succession of essential shoots. 

¢ Ueber d. Polymorphismus d. Indiv. od. d. Ersch. der Arbeitstheilung in d Natur. 
Ein Beitrag z. Lehre vy. Generationsw. (1851.) 
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mined by the organic development, while this itself obtains its 
peculiar character from the determinate step of the metamorpho- 
sis at which the development ceases ;—and this is just what is 
so unmistakable in the phenomena of alternation of generation 
in plants. Hence as a typical phenomenon of development, asa 
metamorphosis of generation, alternation of generation (as well 
as the metamorphosis of the individual) presents analogies with 
the graduated series in the animal and vegetable kingdoms, and 
the organic scale of the creation, in general ;—a point to which 
V. Carus* called attention, aud Reichert, his predecessor, as well. 

The difficulties which the qualitative diilerences of shoots of 
one and the same species seem to present to our conception of 
shoots as individuals, will be entirely obviated if we can demon- 
strate that a partial outfit and equipment of individuals, perfectly 
analogous to those found among plants, are likewise found in the 
animal kingdom, where in most cases there is less doubt as to 
what is an individual,—if we can show that in both kingdoms, 
and in a similar manner, a polymorphism of individuals occurs 
which depends upon a division of the steps of development and 
of the vital problem of the species among individual members, 
whether of the same generation (divisions of generation), or of 
different generations cyclically succeeding each other (alternation 
of generation ). 

Let us first compare the phenomena of alternation of generation 
(or, as it should be called, cyclical succession of generations) in 
both kingdoms.t+ As is the case in the alternation of generation 


* Zur niheren Kenntniss d. Generationsw. (1849); and, Einige Worte iib. Metam. 
u. Generationsw. (v. Seibo/d u. Kolliker: Zeitschr. f. wiss. Zool. IIT, 1851, p. 859). 

+ These remarks on alternation of generation in plants, do not depend, as one 
might perhaps be disposed to think, upon a zoological doctrine fancifully applied to 
plants. But I recognized the phenomenon as the same, and I treated of it in my 
papers, if not under the same name, still in the same meaning, before my attention 
was called to the occurrence of this phenomenon in the animal kingdom by Steen- 
strup’s work. As soon as the doctrine of the shoot as the vegetable individual was 
assumed in all its consequences, a determinate succession of generations emitted 
one from the other necessarily appeared to be the ground of the flower’s first making 
its appearance in many plants in a determinate degree of ramification, and of the 
occurrence of a determinate succession of steps in the series of axis up to this goal, 
caused by a peculiar partition of the leaf-formations. Hereby the essential shoot- 
succession, which is the one which represents alternation of generation, was accurately 
distinguished from the unessential one. Twenty years ago, or more, C. Schimper 
distinguished between essential and unessential shoots, denominating the first (in a 
wider sense of the word) “ Ableger” [off-setts], the latter “ Ausleger” [out-sets]. In 
the Versammlung d. Naturforscher in Mayence in the autumn of 1842, I made a 
communication on this subject, and at the same time in particular I called attention 
to the frequent importance of the characteristics involved in these relations when ap- 
plied to improving the differentiation and grouping of species. Of this commu- 
nication a report appeared in the Flora for 1842, p. 962, though, indeed, somewhat 
distorted by inaccuracies. Wyd/er treated the same subject in the Bot. Zeit. 1844, 
St. 87, under the heading “ Achsenzahl der Gewiichse,” and gives a compendium of 
examples, in which, however, much appears which needs qualification. As Wydler 
informs us, Aug. de St. Hilaire is said to have turned his attention to ascertaining 
the number of essential axes in plants; however I find nothing in the place referred 
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of animals, a twofold reproduction appears in plants: sexual and 
non-sexual. Disregarding for the present the various relations of 
alternation of generation among the Cryptogamia, we find sexual 
reproduction (in animals by fertilized ova,—in plants by fertil- 
ized seeds) always vested in the generation which concludes the 
cycle of generations. That the consideration of this generation 
as the concluding one is not arbitrary, is shown by comparing it 
with the usual course of the metamorphosis; for the concluding 
generation is invested with the concluding formations of the met- 
amorphosis (flower aud fruit), in the same way in fact as in the 
animal the complete development of the organs of geveration 
occurs at the summit of the individual metamorphosis. The pre- 
ceding (preparatory) generations, which Steenstrup calls “ nurses,” 
on the contrary invariably preduce their brood by non-sexual re- 
production ; in the animal kingdom this takes place, now throngh 
germ-granules which develop in the interior of the body (as 
the nurses of Distome), now by a process of division in the pos- 
terior part of the body (the nurse of the Meduse, the Tapeworm), 
or finally by external, persistent or deciduous, shoot-formations, 
(Coryne, Campanularia, Sertularia, etc.). Among Phanero- 
gamia the last is the only kind occurring subservient to alterna- 
tious of generation. 

In animals, as in plants, the number of the generations in 
which the cycle of alternation of generation is completed, is for 
the most part a determinate one. Medusa, Salpe, Corynea, Tu- 
bularie conclude this cycle in the second generation ; according 
to Steenstrup’s showing, Distoma pacificum has a trimembral al- 
ternation of generation, and the family stock of Pennatula seems 
also to be formed by a trimembral succession of shoots. Carn- 
panularia has a quadrimembral cycle, in which however the two 
first generations are of the same character. Among Seriularie 

cycles of still more numerous members appear to occur; eight 

to ten generations form the annual cycle of generation of Aphides, 

thongh, excepting the last one, they are all similar and not even 

determinate as to number. 

To these examples from the animal kingdom much more nu- 

merous ones from the vegetable kingdom might be added, though 

to in the Legons de Botanique but the distinction between determinate and indeter- 

minate growth, which has been known since Joachim Jung's time, and was brought 

forward especially by Roeper and applied by him to classifying infloresences. It 

is exemplified, in that place, by creeping stems, upright root-stocks, and by bulbs ; and 

the section on indeterminate stems is unluckily exemplified by wrong cases, viz, 

Scirpus palustris, Prisnuw/a officinalis and Menyanthes, to which indeterminate main- 

shoots are falsely ascribed.—Steenstrup, also lays down an alternation of generation 

in plants, in the concluding remarks in his work quoted above, as well as in his later 

book, “ Ueber das Vorkommen des Hermaphroditismus in der Natur,” (On the phe- 

nomenon of hermaphroditism in Nature), though in an entirely different manner from 

mine as here given, for he compares the single leaves of the plant with the individ- 

ual in animals,—a mode of viewing the subject in regard to which I have already 

expressed my opinion in the Introduction. 
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¥ will only adduce a few of them here. Most Labiatiflore, 
Synantheree, Grasses, Polygalee, Primulacea, the Dictamnus, 
Tris, Galanthus nivalis, etc., have a bimembral alternation of 
generation in different ways, according to the partition of the 
formations. In Paris, for example, the first generation takes 
the lowest grade: it presents a subterranean inferior-leaf shoot, 
(rhizoma) which never leaves the darkness of the earth, only 
reaching the world of light, towards which all plants strive, in 
its posterity, viz., in the guadrifeliate and unifloral lateral shoots 
which it sends up. The first generation of Viola odorata and 
related species forms foliage proper; still, the main axis tarries 
close to the earth, and the second generations (the lateral flowers) 
scarcely rise above the foliage. In Lysimachia nummularia, 
the main-shoot, a rooting leaf-stem, creeps along the surface of 
the ground, growing indefinitely, and terminating only in the 
(essential) lateral branches by its golden-yellow flowers. The 
main shoot rises perpendicularly, forms foliage proper, and passes 
on to superior-leaf formation in many species of Veronica, e. g., 
V. acinifolia, producing its flowers as a second generation out of 
the axiis of the leaves. The same hoids good in regard to Oro- 
banche ramosa, which fixes itself and preys upon the root of hemp, 
though its main-shoot has no green leaves. A very remarkable bi- 
membral alternation of generation is shown by Adora, now so fa- 
mous, its uame to the contrary notwithstanding.* The main-shoot 
creeps along the ground, oscillating with the seasons between leaf- 
and inferior-leaf tormation,—at every return of the latter stretching 
ont like a runner and boring into the earth. Flowers and fruit, 
frustrated by the invariable retrogression of the main-shoot, are 
produced by the aspiring perpendicular branches, after a pair of 
small leaves on the scape, aud several insiguificant superior-leaves, 
out of whose axils the lateral flowers are emitted as unessential 
shoots of the third degree. Hepatica presents a similar division of 
the formations amoug the two generations of shoots; but the 
main-shoot, rejuvenated from year to year and alternating be- 
tween inferior-leaf and leaf-formation, is short and upright. The 
branches with their single flowers, forming the second generation 
arise iu the axils of the seale-like inferior leaves. A bimembral suc- 
cession of shoots occurs in Convallaria, Polygonatum, the genus 
Ale, all species of Plantago, Veronica officinalis, Chamedrys, 
etc., Viola sylvatica, Lysimachia thyrsifolia, Alyssum saratile 
and some other Crucifera, Echeveria coccinea, all the species 
of Melilotus, Medicago, Galega, in Pisum, and many other 
leguminons plants, and in Nuccisa pratensis, Anacyclus, Pyre- 
thrum, Polygonum Bistorta, etc. A familiar example occurs in 

* E. g. Adora moschatellina, which derives its name from 46a (fame). The rela- 
tions of growth in this plant have been correctly described by Wydler: Bot. Zeit 
1844, p. 657. 
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Secale. Its spiciferous culm forms the shoot of the first degree, 
the lateral spikelets which compose the spike itself are those of 
the second,* and the florets in the axils of the superior leaves 
(pales ) of these spikelets are the shoots of the third degree, 1. e., 
the third generation of the cycle. A quadrimembral succession 
of shoois occurs in Trifolium montanum, Hedysarum corona- 
rium, aud in several of the New Holland phyltlodineous Acacia. 
Several species of Carer, e. g., C. maxima aud leplostachys, have 
a trimembra! succession of shoots up to the male flower and a 
five-membral one up to the female. 

If we were to reckon the similar generations which are reared 
one above the other nntil the tree gains strength enough to per- 
fect its flowers, in many trees without terminal buds, as, in the 
Willow, the Linden,t we might find a number of generations 
equal or even much superior to that presented by Aphis. 

Besides the generation essential to itself, and by which it gives 
existence to the next grade in the cycle, every generation can 
have still another unessential reproduction, which only extends 
the same grade. As above we distinguished between esseutial 
and unessential shoots, so here accordingly we must distinguish 
an essential succession of generations,—the true alternation of 
generation,—and an unessential one. Very ofteu both occur in 
the same species of plants. A fine example of this is shown in 
Lysimachia nummularia, from whose creeping and rooting leaf- 
axis are emitted not only peduncles, but here and there new creep- 
ing leaf-axis exactly repeating the original one (except as to the 
two early-lost cotyledons): and from the undetermined leaf-bear- 
ing main-axis of Tropaclum minus are emitted in regular alter- 
nation three lateral flowers at a time, aud then again one (unes- 
sential) leaf-shoot. la Cardamine amara the first generation (the 
stem bearing foliaceons and superior-leaves) is repeated in a two- 
fold manuer, by lateral branches from the cauline leaves, and by 
creepers from axils of the root-leaves. Similar relations obtain 
in Mentha and a large number of other plants. This same phe- 
nomenon is repeated in the animal kingdom. The polyp-like 
nurses of the Medusa increase as such (according to Sars and 
von Siebold) by lateral buds and runners. NSyncoryne are spadix- 
polypi, which represent trees by their formation of unessential 
branches, emitting finally from every branch and from the middle 
stock a whorl of individuals of the second (and last) degree. 
Campanularia and Sertuluria put forth runners from the bases 
of the main-individual, which again shoot up aud become new 
main-stems, or new stems emerge out of them; and perhaps the 


* Secale, in fact, has no terminal spicule; neither has 7riticewm monococcum, while 
the other cultivated species of 7riticum have. 

+ Ihave described the grape in reference to this subject in another place, (Ver- 
jiingung, p. 49,) [Henfrey’s Transl. op. cit. p. 46. T.]. 
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ramifications of Bucephalus (which according to Steenstrup’s 
supposition is the larva of Aspidogaster conchila) as represented 
by Baer in Nov. Act. Nat. Cur., xiii, 2 belong here. 

In our qualitative comparison of shoots, it was shown how the 
shoot can be limited to a few leaves, or even to a single one; in 
like manuer the animal individual, in the division of ré/e which 
occurs in alternation of generation, can become the representa- 
tive of one single organ, of one single function. ‘Thus the fe- 
males of Coryne squamata are hardly anything more than egg- 
stocks, and the males than seed-stocks.* ‘The members of the 
tapeworm, which are so many individuals of the final geveration, 
hardly represent anything more than hemaphrodite sexual appa- 
ratus. As an analogous example in the vegetable kingdom per- 
haps the Willowt may be compared to the Coryne ; here too the 
shoots of the last degree are nothing but naked unisexual appa- 
ratus of reproduction. In Polamogeton,{ on the contrary, they 
are hemaphrodite, as in the tapeworm. ‘The construction of 
many of the lower animals, which when considered as iidivid- 
ual animals seem to be the strangest monsters, becomes more 
intelligible as soon as they are regarded from this point of view, 
—as soon as we make up our minds to regard the supposed indi- 
viduals as a family stock, and its parts (formerly held to be mere 
organs, and which, physiologically considered, are really nothing 
more) as individuals. In particular this is true of Physophora, 
Stephanomia and Agalmopsis. 

ln mauy cases we find alternation of generation connected 
with division of generation, that is, the appearance of heteroge- 
neous individuals in one and the same generation. Just as is the 
case in animal and vegetable forms without alternation of gene- 
ration, so where it is connected with alternation of generation, 
division of generation relates principally to the sexual functions ; 
and a glance at the animal kingdom shows us relations of alter- 
nation of generation complicated by division perfectly similar to 
those which occur in the vegetable kingdom. In animals which 
go through an alternation of generation the individuals of the 
preparatory generations are non-sexual; still they may neverthe- 
less have a determinate importance in relation to the completion 
of the race which is to form their posterity. When in fact the 
final generation does not consist of hemaphrodite individuals, as 
obtains, for instance, in the tapeworm, various alternations are 
conceivable: the final individuals of both sexes can be nourished 
by the same nurse, and hence the sexual division will first take 
place in the second, or generally speaking, in the last generation ; 

* Hence Rathke regards the male individuals as mere testicles. Cf. Wiegm. Ar- 
chiv., 1844, p. 155, and Steenstrup: Hermaph., tab. I, f. 17-20. 

+ The two stamens in the Willow, and the floriferous bud as well, is preceded by 


only two very small bracts, which grow together and form a little scale. 
¢ The flowers of Potamogeton are branches which bear only stamens and carpels 
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or, different nurses may nourish the two sexes so that a division 
of generation will occur even at the degree of nurse-formation. 
If in the last case the nurses are not single ones, but even then 
form per se a family stock, then on the same stock we may either 
have male-bearing and female-bearing nurses together, or these 
two kinds of nurses may be divided among different stocks, ac- 
cording as the division of generation occurs in a determinate 
later generation, or is present already in the first. Although as 
yet the observations of these relations by uo means form an un- 
broken chain,* still this much is certain, that in avimals, in the 
same way as in plants, both mone cious and deecions forms occur; 
and hence there are families partly bisexual, partly unisexual. 
Coryne, Tubularia, Campanularia, and probably all Sertula- 
ric (hence, doubtless, the greater part of Hydroids), also Vere- 
tillum, Cynomorium, according to Steenstrup, Krohn and other 
observers, are dicecious,—whether they form smail simple stocks 
as Coryne squamata, or small ramified trees, as Syncoryne, 
Campaunularret ete. On the other hand Siphonsphoria, ac- 
cording to Milne Edwards’ description of Stephanomiat (and 
judging from Sars’ description of Agalmopsis), are monacious 
family stocks; Hydre are also moneecions.§ ‘To enter any fur- 
ther into these relations as they occur in the lower animals would 
lead us too far from our subject; but it may be in piace to give 
some details as to the manifold relations under which sexual di- 
vision of generation occurs in plants. 

Diceecions relations may occur without alternation of genera- 
tion when, in fact, the flower has a terminal inflorescence and no 
branches, or only uuessential ones,—when, therefore, as it is usu- 
ally expressed, it is “ uniaxial,” as e. g., in Rubus, Chamaemorus, 
Lychnis, and Viscum. Much more freauently, however, divis- 
ion of the sexes occurs in plants which at the same time have a 
cyclical succession of shoots (alternation of generation ),—a suc- 
cession which each of the two heterogetieous stocks passes 
through independently, and not always pari passu. This is a 
circumstance which must not be neglected in considering the 
differences of habitus in male and female flowers. Thus, in Mer- 


* Thus e g., as far as I know, it remains to be shown whether the single nurses 
of Medusae produce Medusae of both sexes, or, as is most probable, only those of 
the same same sex. In Aphis also this point still needs to be more accurately de- 
termined. 

+ Stee nstrup: Hermaph » pp 66, 67, 72 

+ Aun. des Se. Nat., 1841, p. 217, pl. 7-10. 

§ The later investigations into Siphonophoriea by Hurley: Tdin. Phil. Journ, 
1852, Adlliker: Zeitschr. f. wiss. Zool. 1852, and Leuckardt : Zool. Untersuch., Istes 
Heft, 1853, corroborate the moneecious relations of these wonderful creatures as re- 
gards most of their genera, e. g, Agalma, Agalimopsis, Stepvhanomia (Apolemia), 
Phusophora, and the other closely related genera; Busch’s researches into the group 
of Diphyide have proved them to be diccious, and the same obtains in the related 
genus Lpibulia. (Later note.) 


4 

> 
4 


The Vegetable Individual in its relation to Species. 71 


curialis the female plant bears flowers even on the second axis ; 
in the male plant, however,—if I do not misunderstand the in- 
florescence (a spike composed of smnall glomerules)—this first 
occurs on the third. In Carex dioica, vice versa, the male plant, 
flowers in the second line and the female in the third.* In other 
dieecious plants on the other hand, the maie and female flowers 
appear in the corresponding generation, e. g., in the second: 
Stratiotes, Empetrum and Taxus ; in the third: NSadiz, Popu- 
lus, Myrica, Cannabis; in the fourth: Phenix. in Hemp the 
extremely heterogeneous appearance of the inflorescence of the 
male and female plants does not depend upon a division of the 
flowers of the two sexes among different axes, but upon the pro- 
duction of numerous unessential peduncles in the male inflores- 
cence.t 

Moneecism necessarily presupposes a succession of shoots (alter- 
nation of generation); in the simplest case at least for one of the 
two sexes, as both cannot be united in the same terminal flower : 
but vice versa, both may easily appear in determinate (equal or 
unequal) degrees of ramification. ‘The most important cireum- 
stance to be considered in mone cious relations, consists in both 
the sexes (i. e., the shoots which bear them) occurring either sub- 
ordinately or codrdinately,t for one either arises out of the other, 
or they both spring from acommon mother-stem. In the first case, 
the female flower usually belongs to the earlier, the male to the 
later (subordinate) generation ; the male flower-shoot springing 
from the female,§ as e. g., in Euphorbia, Ricinus and Poterium, 
in which the female flower terminates the main axis, and the 
male occurs as a lateral shoot.|| In Buaus the female flower oc- 
curs as the second, the male as the third axis; in many species 
of Phyllanthus (e. g., Ph. niruri) the female as the third, the 


* The second axis, which is a complete dwarf or a mere bristly spine bears the so- 
called Urceolus, in the axil of which the female flower is placed, as the third mem- 
ber of the succession of generations. 

+ The female flowers are placed at the sides of the primary branches as branches 
of the second degree. In the same place where one single tlower occurs in the fe- 
male plant, a fureately ran ified inflorescence is found in the male, produced by 
branching out of the two bracts of the original flower. 

+ Roth these cases doubtless occur in the animal kingdom, the first probably in Al. 
eyonella, where the stock is said to be composed partly of males and partly of females, 
As the stock is here formed by individuals continually shooting out of each other, 

. one sex must shoot out of the other. The second ease oceurs in A galmopsis (accord- 
ing to Sars,) where partly female (seminal vesicles,) and partly male individuals 
grew out of the same main-stem. 

§ The opposite case seems to occur very rarely or not at all. A monstrosity, 
which, for some reasons might be adduced here, is found in Lariz Europea and Picts 
alba, in which transitions of the amentaceous male flowers into female cones occur, 
where the fruit scales are emitted from the axils of stamens which are often only 
slightly abuormal. 

| As in all the examples adduced, the nnessential aggrandizement of the inflores- 
cence must be disregarded, which occurs in Ricinus and Poterivm in the form of lat- 
eral female flowers emitted beneath the terminal female flower 
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male as the fourth ; in Xylophylia, the female (on the margins of 
the spurious leaves) as the fourth, the male arising from the bracts 
of the female flower, (as in Phyl/anthus) as the fifth. In Mo- 
mordica, E'chalium, Cephalanthera and some other Cucurbitacea, 
the female flower, placed in the axils of the foliaceous leaves of 
the main stem, belongs to the third axis, and the male to the 
fourth ; for the third axis, which here arises from the base of the 
peduncle of the female flower as main axis of the racemose male 
inflorescence, is a superior leaf-shoot. In the other cases,—in which 
the succession of shoots, in order to arrive at the two kinds of 
flowers, separates into two céordinate lines,—both kinds of flow- 
ers can appear either immediately in the first generation after this 
separation, or, since here again preparatory generations are inter- 
calated, ina later one. Further, the number of the generations 
(axes) in the two lines arising from the division, may be either 
equal or unequal. A few examples may serve to explain the man- 
ifold cases which thus occur. In Musa, Myriophyllum and Sag- 
ilaria the coérdinate male and female flowers appear in the first 
generation after the separation, and in the whole as a second 
system of axes. Here the female flowers stand in the lower, the 
male in the upper part of the spicate or racemose inflorescence. 
The contrary holds true of Cucurbita and the monecious Bry- 
onie ;* for here the earlier flowers, which appear in the axils of 
the foliaceous leaves, are male; while the later ones which appear 
on the farther continuations of the stems are female. Arum 
has below female, in the middle male, and above again female 
flowers, though these last are dwarfed and sterile. Likewise in 
the first generation after the separation, but in the whole as the 
third system of axes, we find both kinds of flowers in Pachysan- 
dra and Acalypha, and here again, as is usually the case in inde- 
terminate spicate inflorescences of mixed sexes, the female flower 
is in the lower, the male in the upper part of the inflorescence. 
The same obtains in moneecious Palms with axillary spadices ; 
though here the flowers appear in ramified spikes from the fourth 
system of axes. When the flowers make their appearance in the 
second generation after the division, they cannot easily be united 
in the same inflorescence, and special male and female inflores- 
cences will arise. Thus, e.g., in Platanus, Liquidambar and 
Sparganium, in which the female inflorescences occur on the 
lower part of the main shoot, and the male in the upper; like- 
wise in Quercus and F'agus, though here, vice versa, the male 
inflorescences are the lower, and the female the upper. Finally, 
if the division of the succession of shoots is an unequal oue in 

* Bryonia has apparently axillary racemes, but a more careful investigation shows 
that they do not spring immediately out of the axil of the foliaceous leaf, but (as 
secondary branches) out of the peduncle of a single fiower standing directly in the 
axil of the leaf which exactly corresponds to the flower in Cucurbita, 

+ The inflorescence in Arum is terminal, as well as that in Calla. 
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the separated lines of generation leading to the two kinds of 
flowers; i. e., if the number of essential axes is unequal, it is 
greater sometimes for one sex and sometimes for the other. In 
the Walnut (Juglans) it is the male flower which attains the 
higher degree of ramification ; in Xanthium and the species of 
Carex with separated male and female spikes it is, on the con- 
trary, the female flower.* 

Other dimorphisms or even polymorphisms of the flowers, more 
or less independent of sex, occur when the sexes appear in the 
two different lines of generation; for even among flowers of the 
same sex, whether hermaphrodite, male, or female, differences 
often reveal themselves of a very striking character, which are 
generally codrdinate according to fixed laws of division of gen- 
eration. ‘Thus, in all Primule, and in several Labiate, two 
kinds of hermaphrodite flowers occur, in a state of dicecious sepa- 
ration: one with a large corolla and strongly developed stamens 
(forma brevistyla), the other with a small corolla and strongly 
developed pistils (forma longislyla). Acccording to C. Schim- 
per’s observations} both forms occur at times in Labiate even on 
the same stock and in the same inflorescence, e. g., in Dracoce- 
phalum Moldavica. Many species of Viola also produce two 
kinds of hermaphrodite flowers on the same stock: early ones of 
the usual form, and late ones without petals. In Viola mirabilis 
the first arise directly out of the main stem (as branches of the 
first degree) and are mostly sterile, while the latter spring from 
the foliaceous branches (as branches of the second degree) and 
are fertile. In /mpatiens sterile flowers with perfect corollas and 
apetalous fertile ones occur in the same raceme. ‘lhe cases in 
which normally formed above-ground and abnormally formed 
underground flowers appear belong here; the latter have their 
corolla developed slightly or not at all, and are merely female, 
and, par excellence, fertile. If both kinds of flowers are fertile, 
the subterranean fruit differs from that borne above the soil; such 
cases are found especially in the family of Leguminosa, e. g., in 
several species of Lathyrus and of Vicia, in Amphicarpea, and 
in Arachis ;{ and also in the very remarkable Abyssinian Con- 


* In species of Carer with terminal male and lateral female spikes, the male 
flower belongs to the first generation after the division, and the female to the third. 
In most of the species where the shootlet which bears the inflorescences is a contin- 
uation of the main axis of the plant, the male flowers represent in general the sec- 
ond generation and the female the fourth; in those species, on the other hand, which 
have a shortened main axis, which forms a mere rosette of leaves whence the shootlets 
bearing the inflorescences proceed as branches,—in these species the male flower is 
the third system of axes, and the female the fifth; as e.g. in Carex maxima, lepto- 
stachys and pilosa, 

+ Communicated in the Versam. d. Natur. zu Wiesb. in Sept. 1852. 

¢ For details, vid. Zreviranus : Bot. Zeit., 1853, p. 393. 
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volvulacea, Hygrocharis Abyssinica.* Among the most striking 
cases of dimorphous flower-formation are those described by Jus- 
sieut in Gaudichaudia, Camarea, and other Malpighiacee. 
Here, besides the fiowers conjoined in racemes or in corymbs, 
and formed according to the common type of the family, other 
apetalons flowers occur, standing alone and hid in the axils of 
the leaves. Besides the normally formed glandulose corolla, 
they have only one stamen and two carpels. In several cases 
the dimorphism of the flowers is confined to the formation of 
the fruit alone, as, e. g., in some species of Athionema, (espe- 
cially A’. heterocarpum, Gay,) which in the same raceme bear 
partly dehiscent silicles with two cells and several seeds, and 
partly one-celled and one-seeded indehisceut silicies. Ceratocap- 
nos.t a North African genus of Fwmariace, bears in the lower 
part of the spike oval, ribbed, one-seeded nutlets, and in the 
upper part, lanceolate two-valved and two-seeded siliques. Poly- 
morphism of flowers and fruit occurs in the most heterogeneous 
manner in the family of Composite ; I will only refer to Zinnia, 
Dimorphotheca, Heterotheca, Thrincia, Geropogon, Crupina ; 
and especially to Calendula, where the hermaphrodite blossoms 
of the ray produce three different forms of fruit, so that, inelnd- 
ing the male flowers of the disc, the capitulum presents four dif- 
ferent forms of flower-shoots (belonging to the same generation). 
As somewhat similar cases in the animal kingdom, the instances 
of dimorphal insects, of which there are several, might be ad- 
duced.$ 

A separation of the series of generations into several distinct 
lines occurs in fact not only as regards the flower, but also, though 
less frequently, even among the inferior formations of the plant; 
this is especially the case where a particular lateral line is allotted 
to the leaf as well as to the flower. ‘The true Pines afford the 
best known example of this. ‘Their fascicles of needle-shaped 
leaves are nothing but foliaceous branches of circumscribed 
growth,|| which lie outside of the line which leads to the two 
kinds of flowers, while they are essential as the leaf-formation 


* Hochstetter: in Schimp. Iter Abyss., No. 572 et 1701. The same plant is called 
Nephrophyllum Abyssinicum by Richard: Tent. Flor. Abyss., and figured in pl. 76. 
The two kinds of flowers are emitted from the axils of the foliaceous leaves of the 
same creeping stem; those provided with corolla, stamens and pistil stand upright; 
the others without corolla and stamens, bend down to the ground on their long pe- 
duncles. 

+ Adr. de Jussieu: Monographie des Malpighiaceés. (1843.) 

t Duriew: Explor. scient. de l'Algérie, pl. 78. Zndlicher : Gen. plant., Suppl. 
IV, p. 3: 

oie first in several species of Dycticus (D. marginalis, circumcinctus, Lapponi- 
cus, Heselii, according to Erichson : Gen, Dyticeorum, 1832, p. 31; the last in Aphis 
Quercus according to Bonnet, 

| That the fascicles of leaves in Pinus are branches, is proved by the phenome- 
nou of percrescence, which is not unfrequent, especially in young pines. 
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appears on them alone.* Here the generation splits up into 
three kinds of essential and coérdinate shoots: Ist, the small 
leaf-shoots which after some few inferior-leaves forming the 
vagina, bear two, three, or five foliaceous leaves; 2d, the male 
flowers, or small shoots, which are provided with stamens 
only ; 3d, female inflorescence, shoots with superior-leaves (the 
integumentary scales of the strobile) in whose axils the fruit- 
scales of the cone are formed, belonging to a farther system of 
axes. In the animal kingdom cases analogous to these occur 
in moneecious Siphonophore, especially in Stephanomia and 
Agalmopsis, where even more than three kinds of coérdinate in- 
dividuals are emitted from the main axis: in particular motory 
individuals (the so-called swimming-bells), nurses, the proboscis- 
like formations or imbibing tubes, and as already mentioned, two 
kinds of sexual individuals. 

The differences of shoots thus far considered depend princi- 
pally upon this: one portion represents exclusively the vegeta- 
tive formation, or a certain part thereof; the others represent the 
degrees of formation which belong exclusively or principally 
to the sphere of fructification. Hence, in regard to the division 
of functions, to one portion the functions of nutrition are allotted, 
to the others those of generation. For this reason the different 
kinds of shoots of such a partial character must unite in a deter- 
minate succession, and complete each other; and even those 
which we have designated as unessential are of importance in 
enriching, preserving, and increasing the plant-stock. Finally, 
we have still to consider those shoot-formations which properly 
do not belong either to the essential or the unessential succession 
of shoots, but rather to an aberrant formation; as they neither 
conduce to the perfection of any of the common steps of the 
metamorphosis, nor perform any essential physiological function 
in the plant, but at the best are ouly of some service as organs 
of defence, support or adherence. ‘These are the shoots which 
take the form of thorns, bristles, hooks and tendrils, which for 
the most part owe their peculiar abnormal character to an entire 
suppression of the leaf-formation, and a final induration of the 
point of vegetation: these seen: to be the last, terminal or lateral 
members of the generation, abortive in every respect. Not un- 
frequently they form the last ramification of paniculate and dich- 
otomous inflorescences, like terminal flowerless peduncles, as, 


e. g., in Telorys (Chenopodium aristatum, L.), Acraglochin, and 


in avery peculiar form, brauching and complicated by aculeate 
or setiform leal-formations, in Pupalia, Desmocheta, Digera and 


* The main-stem, as well as all the elongated branches essertially resembling the 
stem, bear only leaf-scales, which may be best compared to bud-scales, and ascribed 
to the inferior-leaf formation. It is only in early youth (in the first and second 
years) that the main-stem itself bears needle-shaped leaves, 
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Cometes ;* also, in Scleropus, where they take the form of short, 
thick, cartilaginous stalks, with two converging leaf-apicules. 
Among the grasses they are known under the form of bristles in 
Setaria. In many Rhamnaceous and Sapindaceons plants ( Heli- 
nus, Cardiospermum) they appear as small cirrhi, not as the last 
sterile ramifications of the inflorescence, but on the contrary as 
the first, followed by other fertile peduncles. They often occur 
in the axils of foliaceous leaves; and wherever they make their 
appearance they naturally arrest the farther succession of shoots, 
when they have neither of the two leaves at their origin, out of 
whose axil an additional shoot may be developed. This is the 
case in Passiflora, whose flower arises from the axil of a leaf 
situated at the side of the base of the tendril. The thorns of 
Ononis, Eleagnus and Maclurat present the same phenome- 
non. In other cases the succession of generation thus arrested 
by the aculeate shoot is restored by secondary formations ; when, 
with the thorn, a second shoot follows out of the axil, which in 
some cases may form a leaf-shoot, and in others a flower-shoot. 
This happens in Gleditschia, in several Acaciw (e. g., A. pul- 
chella), in Prinsepia utilis.t the Lemon, the Egyptian Balan- 
ites, Duranta, Bouganvillea and Randia, in which the second- 
ary shoot arises close under the spine; while in Celastrus pyr- 
rhacantha§ and Europeus, as well as Pisonia aculeata,|| the 
secondary shoot occurs above the thorn. In Uncaria pilosa{ and 
Sirychnos spinosa, pairs of leaves with axillary thorns alternate 
with pairs which have peduncles in their axils. 

Have even these phenomena of extreme alienation of the in- 
dividual (as they occur in the thorns and hardened shoots of plants) 
analogous forms in the animal kingdom? Yes, I believe they 
have! I believe I may assert that in the animal kingdom itself 
there are individuals which occur as mere fixed claws, pincers, 
scourges, tactual and predial filaments, etc.,—individuals which 
perform neither functions of nutrition nor of reproduction in the 
society to which they belong, but which probably merely assist 
in seizing the food, or lend a helping hand in defending the 
community. ‘The cases which I have here in mind are of fre- 
quent occurrence among Bryozoa, and especially in the group 


* The plumose tails which form the * ‘envelope ” of Cometes, are the last branches 
of the dichotomous inflorescence, accompanied by similar accessory (secondary and 
tertiary) branchlets. All these numerous sterile ‘branchlets are elongated and beset 
with setiform leaflets arranged in spiral order ( 2), commencing with two similar an- 
terior leaves. The direction of the phyllotaxis in all these branchlets follows the 
law of fureate inflorescence 

+ Here belong zs also the curious hook of Uncinia, which is also visible, though 
less developed, in many species of Carex. The utriculus is a leaf at the base ‘of 
this spine. 

Desig Illustr. of the Bot. of Himal., pl. 38, fig. 1. 
& Boisster: Voy. bot. en Espagne, t. 38. 
| Rheede: Hort. Malab., vii, t. 17. © Wadllich: Plant. As. rar. t. 170. 
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of Cellaria. Individuals in the form of horns (which usually 
conclude the series of complete cell-inhabiting individuals) occur, 
e. g., in Hucrabea cornuta,* and Cordierit ;+ in another form 
(reminding us of Telorys,) as forked terminal spines, in Vesicu- 
laria spinosa.t Moveable individuals, representing mere weap- 
ons, in form like a bird’s beak, a crab’s claw or a pincers, appear in 
Acamarchis avicularia§ and flustroides,|| Retepora cellulosa 
Scrupocellaria scruposa%’ and many others. In the last named 
Cellarie, besides the claw-individuals, there are also scourge-in- 
dividuals, which Van Beneden himself compared to the cirrhi in 
plants, and which even Leuckardt** acknowledges to be indi- 
viduals. Beside the ‘Swimminug-bells’ evidently resembling Me- 
dus@, the peculiar retractile predial filaments of the Siphono- 
phore: doubtless belong here also ; they are remarkable for a pur- 
plish-red swelling on or under the apex, and they shoot out sin- 
gly as branches from the stalk of the nutritive individual (im- 
bibing-tubes), and themselves bear a series of similarly formed 
filaments as secondary branches. They are found with unimport- 
ant departures from this form, especially in Physophora,t+ Di- 
phyestt and Agalmopsis. In the last named genus, according to 
Sars,$$ they have even three modifications: the spadiciferous ter- 
minal piece ends in a long simple filament, or in a short two- 
parted one, or without any filament at all. In Stephanomia|||| 
numerous filaments, called tentacles, arise out of the stalk of the 
nutritive animals (the so-called proboscis-formed organs) without 
such colored swellings, which in the same manner may also be 
regarded merely as individuals with a very incomplete outfit of 
organs. {] 

* Ellis: op. cit. pl. 21, f. 10. (Cellaria cornuta); M. Edw.: Ann. d. Sc. Nat., 
(1838) t. 8, f. 2 ( Crisidia cornuta). 

+ Déserip. de 'Eypte: Polypes, t. 13, f. 8. 

t Van Beneden: Rech. sur les Bryozoaires, t. 4, f. c. 

Van Beneden: 1.c., t. 6, 1-8 (Cellularia avicularia Pall. Crisia avicularia 
Lamx.) | Hillis: op. cit., pl. 38, f. 7. 

© Van Beneden: |. c., t. 5, f. 8-16 (Cellaria seruposa Auct.) 

** Leuckardt : Polymorphism. p.17. ++ Philippi: Miiller’s Archiv, 1843, taf. 5. 

tt Sars: Fauna lit. Norw. tab. 7. $$ Ib. tab. 5. , 

|| Milne Edwards: Ann. d. Sc. Nat., 1841, pl. 7--10. 

@ Since Sars observed the separation of the Medusa-like sexual individuals in 
Agalmopsis, the view that Siphonophore are composite animal stocks has gained 
ground more and more among zoologists. But this mode of viewing the subject was 
for the first time carried out (after a fashion,), consequently in Leuckhardt’s latest work 
on strange animal forms (Zool. Unters, erstes Heft: Siphonophoren, 1853); and 
this idea had forced itself upon me as early as 1847, when I compared the deseri 
tion Diphyes with Agalmopsis, in Sars’ Fauna lit. Norw. In the above named mon 
Leuckhardt extends the view which allows individual importance to the parts of the 
stock of Siphonophore not only to the tentacles and predial filaments, but also to the 
covercles, which in most of the genera are placed close above the nutritive individ- 
ual as protective envelopes ; these formations, like all the other appendages of indi- 
vidual importance, being emitted from the stem as shootlets, and in the first stages 
of their formation, resemble the tentacles in particular. Accordingly Siphonophora 
have not less than eight different forms under which the individual may appear on 
the whole stock. . . . (Later noie.) [I have omitted the enumeration of these 
forms,—t.] 


x 
\ 
: 
4 
4 
a 


78 The Vegetable Individual in its relation to Species. 


After having in the foregoing review regarded all lateral shoots 
which spring from the main axis of the plant as real individuals, 
however unimportant a fraction of the total specific character 
they may realize, it will hardly be deemed surprising if we 
finally apply this mode of view to the branches of the root and 
to adventitious shoots. It is only possible for the main-shoot to 
develop freely both the points of vegetation of the axis; yet 
even here the lower point remains undeveloped. On the con- 
trary, the lateral shoots, thus far considered, have no lower point 
of vegetation; for their base is united to the maternal shoot, and 
hence they are mere developments of the upper point of vegeta- 
tion. Opposed to these, there are, however, other shoots by 
which the lower point of vegetation is represented, and which on 
the other hand have no upper point of vegetation. Among these 
may be reckoned not only the root-branches which take their rise 
from the main root, but also all adventitious roots which spring 
from the stem at determinate or indeterminate places. I must, 
however, content myself with this general hint, as any attempt 
to particularize these relations could after all only show the defi- 
ciency of the investigations into this subject, and how desirable 
a more comprehensive work is on root-formation in the vegetable 
kingdom. 

The few points which I have selected out of the inexhausti- 
ble field of shoot-formation in the vegetable kingdom may in the 
mean time suffice to show that the comparison of the vegetable 
shoot with the animal individual is not far-fetched or arbitrary, 
but is presented to us by Nature herself. The solution of the 
difficulties which this mode of conceiving the vegetable individ- 
ual encounters in the lowest grades of the vegetable kingdom, I 
must defertoalaterday. These difficulties are founded upon the 
less complete organization of the inferior plants, and at all events 
cannot invalidate the results gained in considering the higher or- 
ganizations. We may therefore consider it settled, that although 
the individual has not exactly the same importance in the veget- 
able kingdom as in the animal, plants still realize their vital cycle 
in sections which are not only comparable to the animal individ- 
ual, but are in fact its complete analogues. What distinguishes 
plants is the formation of family-stocks, (a formation manifested 
in the highest vegetable representations, and here in the richest 
fullness ),—as ancestral trees organically connected, variously dis- 
posed in their ramifications, and comprising numerous genera- 
tions, rendered reciprocally complete through individuals vari- 
ously endowed. And this leads us back again to the tree from 
which we set out; in which even our natural perceptions seemed 
to discern something more than one.common individual, and 
whose high import scientific research must confirm. Just what 
at the outset appeared to be an obstacle to our allowing the single 
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shoots of the tree their true significance,—now that we have com- 
pared them with alternation of generation in animals at length 
proves to be the most conclusive demonstration of the correctness 
of our first conception. The conception of these so heterogeneous 
shoots as individuals of one and the same species has led us, in 
fact, to a more profound and more pregnant conception of indi- 
viduality, which will no longer seem paradoxical when we per- 
ceive it is confirmed even in the highest realms of life—in the 
sphere of the mental development of the individual. Or are the 
differences of human individuals in mental endowment and de- 
velopment less important than those which we have seen in the 
morphological and physiological endowment and development of 
shoots? Do we not meet with a similar reciprocal completion, a 
similar division of labor among the individuals of the family, of 
the state and of nations, and cannot even the human individual 
become likewise a mere organ? Do we not see the development 
of the human race itself bound up with a succession, in which 
the later generations continue the edifice their predecessors be- 
gan, like branches depending upon the earlier stocks and nour- 
ished by them ;—in which generation is added to generation, 
and cycles to cycles; so that thus by the ever-renewed labor of 
the individual the problem of human life may be ceaselessly as- 
pired to, and at last reach its final accomplishment ?* 


* The preceding pages were almost all printed when I was fortunately enabled to 
read Reichert’s memoir (die monogene Fortpflanzung, Dorpat, 1852,) upon a subject 
closely allied to the one here discussed. His work is full of new views of the 
subject, elaborated with great acuteness, The vegetable individual itself is con- 
sidered in detail, and the author is thus led to a mode of viewing this subject similar 
to the Schultz-Schultzenstein-ian doctrine of anaphyta—regarding not only the shoot, 
but even its single parts, the internodes, with their leaves, as series of individuals 
shooting out of each other, or intimately connected by continuable bud-formation, 
Since, however, it is implied in the idea of an individual, that it shall somehow be 
limited by, and distinguishable from, (notwithstanding it is connected with) others ; 
it seems to me that even from this point of view Reichert’s idea can by no means be 
carried out. I will not deny that there are still other considerations in the nature 
of the shoot which it is difficult to reconcile with the idea of the simple individual, 
and I can only find the ground of this phenomenon in the fact, that the individual 
appears in its full import in the higher steps of the series of created beings, while 
in the lower it loses more and more its reality, if I may so say. I must reserve far- 
ther remarks on this subject until I treat of the individuality of the lower plants. 

[We cannot but think, after all, that this view of Reichert’s, &c., which our au- 
thor rejects, is the legitimate conclusion, to which the very line of argument so com- 

letely and ably presented in the preceding pages, when fully carried out, naturally 
eads. It is merely a question of degree of individuality. As yet, perhaps, no sure 
middle ground has been secured between the two extreme views,—one of which re- 
gards all the vegetative offspring of a seed, however numerously multiplied, as phil- 
osophically the individual; while the other views the phyton, or in the simplest 
lower plants the cell, as philosophically representing the individual,—real individu- 
ality being incompletely realized (and with various grades of incompleteness) in 
all vegetables, and in many animals. The mind is reluctant to accept either of 
these conclusions, and seeks—thus far in vain—for some stable intermediate view. 
Of the two extreme views, if forced to the choice, we should incline to prefer the 


latter—a. 
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Arr. X.—Observations on Binocular Vision; by Professor 
Witviam B. Rogers. 
PART THIRD 


Of successive or alternating combinations of lines. 


Wuen the figures presented to the two eyes consist of lines 
capable of being united in two or more different ways these com- 
binations may be produced successively by a voluntary change of 
convergence, and in certain cases they are observed to follow one 
another in quick alternation without our being conscious of 
effort in producing them. 


21. Alternation of Vertical lines. 

The simplest example of this effect occurs when a figure com- 
posed of three equal verticals is so placed in the stereoscope that 
we may unite one of the extreme lines with either of the other 
lines successively. 

Thus placing fig. 45 on the upper stage of the instrument so 
that a may be in front of the left eye while 6 
and ¢ are both presented to the right eye, we may 
combine a with 6; and keeping the eyes directed 
to their resultant, we at the same time observe 
the line ¢ a little to the right. Now changing the 
optic convergence to a point somewhat more re- 
mote we can cause a to quit 4 and to pass more 
or less rapidly over to ¢ leaving 6 alone on the 

left. By thus changing the convergences back- 
wards and forwards we may continue to unite a alternately with 
b and ¢ with but little effort and as often as we please. When 
the distance between b and ¢ is very small, say one twentieth of 
an inch, this change seems‘to me almost involuntary and occurs 
with the rapidity of a flash whenever we transfer our attention 
from the resultant ab to the simple line c, or back again from the 
resultant ac to 6. Indeed, as we view the resultant and the paral- 
lel beside it, the line @ is seen as it were to flit backwards and 
forwards between b and ¢, and it is only by fixing the attention 
resolutely on the resultant that we can prevent the alternate 
decomposition and recomposition of the lines. A dot placed a 
little above the line a, by accompanying the line in its movements, 
enables us to mark its successive union with 6 and ce. 


22. Alternation of Vertical with Oblique lines. 

Still more curious illustrations of alternating combinations are 
presented when the picture includes one or more inclined lines 
as in fig. 46. Placing this on the upper stage of the stereoscope 
so that a shall be in front of the left, and 4 and ¢ in front of the 
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right eye, we may alternately combine a with b 
and with c, giving rise in the former case toa 
perspective resultant (ab) which recedes as it de- 
scends, and in the latter case to one (ac) which 
approaches as it descends. By fixing the atten- 
tion on either resultant fora moment we see that 
its extremity is marked by the dot and that | 

therefore it includes the line a along with one of “ rt 
the others. If now we turn to the remaining line we observe 
the dot and with it the line a to flit over to this line and we are 
at once presented with the other perspective resultant. When 
b and c are but little separated this alternate transference of a from 
one to the other takes place without effort and almost instanta- 
neously, causing the two perspective resultants to present them- 
selves in such quick succession as to have the appearance of being 
simultaneously produced. 

This seeming coéristence of the two perspective lines is particu- 
larly striking when the two oblique lines of the diagram meet, as 
in fig. 47, and we sv direct our view as to unite the lower end 
of a with the angular point. Looking at the lower dot which is 
then immediately below the angle we see the 47 
two resultants diverging from this point, the one | 
receding upwards and the other downwards, and 
we find it impossible to discern anything like 
successiveness in their formation. ‘The moment 
however we carry our view along one of these 
perspective resultants we find it to include the 
line a as shown by the upper dot, and soon afler, @ 
we see the other resultant subside from its perspective position. 
The remarkable simultaneousness of the resultants in this case 
is no doubt due to the fact that when the combination is made at 
the angle, the lower poiut of a is at the same instant united with 
the lower end of both 4 and c, and that as the change of converg- 
ence necessary to combine the adjoining lower part of a with 
that of 6 and ¢ successively is extremely slight, the ascending and 
descending perspective lines near the angle are formed in an 
interval of time so entirely insensible as to make the impression 
of their being coéristent. When however we begin by uniting 
the upper end of a with that of either 6 orc, a much greater 
change of convergence is required in passing from the one com- 
bination to the other, and therefore a much longer time is con- 
sumed in forming the successive resultants. 

It has been remarked above that in looking at one of the result- 
ants the other line soon after subsides from its perspective posi- 
tion. It may naturally be asked why this line does not lose its 
appearance of relief the moment it ceases to be a resultant, that 
is, the moment the line a is observed to quit it. The explanation 
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is I think to be found in the disposition of the mind to retain the 

perception of relief previously associated with the line until im- 

pressed with some other definite idea as to the distance of ils several 
arts. 

When for some time we continue to carry the eyes backwards 
and forwards along the upper half of the perspective resultant, a 
curious effect presents itself. ‘The other line after subsiding to 
the plane of the diagram and thus losing its previons relief may 
be observed to continue this revolving motion until it has taken 
a perspective position the reverse of what it had before, in which 
attitude its different points are at the same distance from the eye 
as the corresponding parts of the resultant. ‘This effect is in 
conformity with the law formerly mentioned (2) that while look- 
looking intently on any one object we are inclined to refer all 
others seen at the same time to the same distance. 

If for 6 and ¢ we substitute three or more very slightly diver- 
gent lines as in fig. 48, the successive nnion of 48. 

a with all of them isso rapid especially when | 
the attention is directed to the angular point, as 
-to cause them all to appear in relief seemingly 
at the same time. Buta more steady gaze di- 
rected to the upper part of the fissure will show 
the dot of @ flitting from one to the other, as 
the line a forms the snecessive resultants. a 

An interesting modification of this experiment is seen in the 
combination of a vertical with two intersecting lines equally and 
oppositely inclined to the vertical as in fig. 49. In this case the 
resultant presents the appearance of two intersecting , 
perspective lines. Here the effect is not produced 
by combining @ with the whole of 6 and the whole 
of ¢ alternately. The same axial convergence 
which unites the upper end of a with that of ¢ suf- 
fices to unite the lower end of a with that of 3b, 
and as this is true for each pair of corresponding 
points in the upper half of ¢ and the lower of J, it @ 
is plain that the same gradation of axial movement which com- 
bines the lower half of 6 with that of a will simultaneously 
combine the upper half of e with that of a. It is only neces- 
sary to continue the movement in the same direction, to combine 
the lower half of ¢ and the upper of & with the corresponding 
parts of a. Thus the two perspective intersecting lines are 
produced by the combination successively and alternately of a 
with the two near halves and the two remote halves of 6 and e. 
At the moment when the two near halves are thrown into per- 
spective by uniting with a the dots appear at their extremities, 
and when by a slight optical change the two remote halves are 
combined with a the dots are seen to dart across to the ends of 
these halves. 
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In this experiment the coéxistence of the two perspective re- 
sultants is so nearly perfect that it is only by fixing the gaze most 
intently on one of the extremities that I can modify the per- 
spective figure. In looking towards the intersection, it is im- 
possible by any steadiness of view to change the relief of the 
two resultants. ‘The small range of axial movement through 
which the eyes vibrate involuntarily even in our effort to keep 
them steady, is sufficient to develop both the resultants, so that 
they appear to be quite simultaneous. 

As in this combination we do not first form one entire per- 
spective line and then the other, but begin to form Loth at ihe 
same moment and complete the combination for both in the same 
insensibly short interval, it follows that the two intersecting re- 
sultants are produced by the same gradation of convergence and 
in the same time as would be required to combine a with d alone 
or with calone. Heuce the effect is as perfect and as nearly in- 
stantaneous as when a single resultant 1s developed from two in- 
clined lines. 

Oue of the most simple and striking illustrations of an alternating 
combination is furnished by fig. 50, in which , 50. ° 
the lines bed are made to unite successively or al- . 
ternately with a. The diagram being adjusted on 
the upper stage, so as to bring @ opposite the left 
and b cd opposite the right eye, if we begin by 
uniting @ 6 at the lower extremity, and then 
glance upwards, we find a to be wholly united 
with 4, forming a perspective line rising from 
the plane of ed. Glancing at the upper angle we observe c also 
in perspective but in an opposite direction, and when we pass to 
the lower angle we have d as well as ¢ in relief, while b tends to 
subside from its perspectiveness. ‘Ihe passage from one of these 
combinations to the other is so easy and rapid that it is quite dif- 
ficult to maintain the figure in any one of these phases for more 
than one or two seconds; and as we carry the eyes generally 
over the lines we have a clear image of ali three resultants umted 
into a zigzag or N in a perspective position, in which the succes- 
sive combinations seem to be almost simultaneous. 


‘a b cd 


23. Alternations of more complex figures. 

Very curious alternations of combination 
are afforded by fig. 51, when placed on the 
stage of the stereoscope so that a b and cd 
may be opposite the left and right eye re- 
spectively. Beginning by effecting the un- 
ion of b and ¢ we have a figure consisting 
of the perspective resultant of these lines in 
a position approaching as it ascends and ter- 
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minated below by the angular point formed by the junction of 
the lower ends of a and d, which lines now constitute a VY par- 
allel to the plane of the paper. The whole figure is that of the 
three edges of a solid angle pointing downwards, formed by a, d, 
and the resultant bc, the two former ina plane parallel to the 
paper, and the latter inclining towards us from the apex. 

By a slight change of convergence we may next bring a and 
¢ to coincide, which is best effected by directing the attention to 
the two angular points of the figure. The same convergence 
will of course unite ) and d, and the resultant figure will bea 
simple V lying in a plane parallel to the paper. 

By converging the axes toa still remoter point we can next 
cause a and d to unite. In this case we obtain a figure composed 
of the perspective resultant of these two lines in a position reced- 
ing as it ascends, and the lines } ¢ united at their lower ends to 
form a \/ in a plane parallel to the paper. In other words we 
have a solid angle like that in the preceding case except that the 
perspective edge lies beyond the plane of 6 ¢ instead of being on 
the near side of it. 

When the lines of the diagram diverge at a very small angle 
these changes follow in quick alternation, but the \ or second 
figure above mentioned is that which most frequently recurs and 
is most persistent, a result due no doubt to the circumstance that 


all parts of the VV are formed by the same axial convergence and 
therefore at the same time. 

When the diagram contains a vertical line we can readily ad- 
just it on the upper stage of the stereoscope so as to make this 
line visible at the same time to both eyes, and thus have a double 
use of the line in alternating .combinations with the rest. Ad- 
justing fig. 52 in this way we obtain the following curious results: 


§2. 53. 54. 5 
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By converging the eyes alittle beyond the plane 
of the paper, we may unite } with c, and dwith ¢, | | 
d 


forming two perspective resultants each marked by 
the dot. ‘These approach us as they extend up- 
wards. At the same time a and c are brought nearer 
together and are seen to the left and right of the 
resultants severally. Indicating by the arrow heads 
the nearest extremities of the resultants, the entire 
effect of this combination is represented by fig. 53. 
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If now we remove the point of convergence a little further, so 
as to combine @ with c and e with c, we obtain from them two 
perspective resultants approaching us as they extend downwards, 
and since the same convergence serves to unite b with d, we 
have a third perspective resultant between the other two, dipping 
away from us. Under these conditions the result is that indica- 
ted by fig. 54. 

By converging the axes toa point still more distant we may 
combine a with d, and e with 6, and as these pairs are severally 
parallel, the resultants will be in a plane parallel to the paper. 
At the same time the line ¢ as seen by the right eye will appear 
on the left side of the resultant of a d, and as seen by the left 
eye will be placed on the right side of the resultant of be. The 
effect will be that represented in fig. 55. 

Directing the eyes to a still more distant point we may next 
unite a with e so as to form a perspective resultant in the middle 
of the optical picture. At the same time b and d will exchange 
sides, and ¢ being doubled will appear on the extreme right or 
left. ‘These transpositions and combinations are indicated in 
fig. 56. 

The four distinct combinations above described are observed 
to alternate with one another rapidly and in different ways with- 
out our being conscious of any effort in producing them, and 
hence the unpractised observer may find it difficult to retain 
either of them long enough for deliberate examination. A few 
trials, however, will enable him to do it with ease. 


PART FOURTH. 


Of the coincidence of unequal figures. 


It was first observed by Prof. Wheatstone that “two squares 
or circles differing obviously but not extravagantly in size’ may 
through binocular combination with or without the stereoscope 
be made “to coalesce and occasion a single resultant perception,” 
and that “the binocular image is apparently intermediate in size 
between the monocular-ones.” In remarking upon the insuffi- 
ciency of the theory of successive vision to explain the effect, 
Prof. W. has not that lam aware of, advanced any other expla- 
nation. Sir D. Brewster admits the apparent coincidence, but 
ascribes it to the fact that “ whenever two images interfere with 
one another so as to impede vision one of them disappears,—or 
rather is not taken cognisance of by the eye.” 

In considering the extensive class of effects of which the 
above experiments are only special instances, it is important to 
distinguish between the influence of inequality in the horizontal 
and in the vertical direction. ‘The binocular adjustment in the 
two cases is entirely different, and it will hereafter be shown that 
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a much greater disparity of measurement is compatible with ap- 
parent coalescence in the former case than in the latter. As this 
essential distinction has not been adverted to by preceding en- 
quirers, it will be proper to consider the two effects separately 
before treating of the union of figures unequal in both directions. 


First.— Of the union of figures having ihe same height but 
differing in horizontal measurement. 


Most of the illustrations given under the last two heads are 
properly referable to this class. ‘Thus the apparently simultane- 
ous union of pairs of verticals of which the intervals are unequal 
(fig. 17), and the combination of a vertical with two oblique 
lines meeting or intersecting each other, are but examples of the 
apparent coincidence of figures of equal vertical and anequal 
horizontal dimensions. In all these cases we have seen that 
although the combination js really successive and alternating, it 
is eflected so rapidly and unconsciously as to make the impres- 
sion of a figure developed simultaneously in all its parts. 

The union of pairs of points at unequal distances on a hori- 
zoutal line or what amounts to the same thing, the combination 
of the unequal horizontal lines connecting such points, gives, as 
already shown (20), a perspective resultant in the horizontal 
plane; and this, when the difference of the length is not too 
great, is as truly a case of coincidence as the combination of two 
mutually inclined lines into a perspective resultant. In neither 
case is the union absolutely simultaneous throughout. When 
the eyes dwell upon either end of the resultant, the components 
separate at the other end, in the case of the inclined lines by a 
divergence of their remote extremities, in the case of unequal 
horizontal lines, by the sliding of one upon the other. As long 
however as the eyes are suffered to glance from end to end of 
either perspective line the union of the extremities is perfect and 
apparently coexistent. 

24. Union of a right line with a sysiem of right lines. 

Examples of this class of combinations have occurred under 
the preceding heads, but the following instances will serve to 
illustrate more strikingly the union of dissimilar and unequal 


figures. 
3 58. 59. 
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(1.) A vertical line with a rhombus (fig. 57). In this case 
the small converging movement measured by the breadth of the 
rhombus suffices to combine the vertical line successively with 
the two near and the two remote sides of the figure, and to de- 
velop as a resultant the form of a square in steep perspective. 
As the slight vibration which attends our ordinary efforts at fix- 
ing the eyes is quite sufficient for this, the apparent coincidence 
and the consequent relief are perfect, and nothing short of a 
continued and even painful direction of the view to one end of 
the horizontal diameter enables us even partially to separate the 
components. 

(2.) A vertical, with two pairs of intersecting lines (fig. 58). 
This gives a resultant formed as in the preceding experiment of 
a steeply perspective square, but the sides of the square are pro- 
longed in the same perspective plane. ‘The union is complete 
and apparently simultaneous. 

(3.) A vertical, with one or two sets of short parallel oblique 
lines (figs. 59, 60). With the former of these figures we have 
the beautiful effect of a row of parallel perspective lines or short 
pins stuck in the paper at a rather steep angle. As the axial 
movement necessary to unite any one of the short lines with the 
corresponding part of the vertical is the same for each of these 
lines, it is evident that all the perspective resultants are formed 
at the same time. The combination therefore is just as perfect 
as iu the case of one of these oblique lines with the vertical ; 
and hence the apparent coincidence of the right line with the 
series of oblique parallels is complete. Fig. 60 combined with 
the vertical presents a quadrilateral and three open angles all in 
the same perspective plane. 

(4.) A vertical with zigzag or serrate lines (fig. 61), or with 
an irregular line. In each of these cases 61. 
the resultant is formed as promptly and | 
with as perfect clearness of relief as 
in any of the preceding combinations. 

Iu the above and a multitude of other 
forms which might be suggested the 
only conditions necessary for a satisfac- 
tory result are that none of the leading | 
parts of the complex line or system of lines shall be so much in- 
clined to the vertical as not readily to unite with the correspond- 
ing part of that line, and that the entire horizontal breadth of 
the figure shall be smail enough to allow all its parts to be united 
with the vertical in an insensibly short time. 

It will be remarked that in the preceding figures each linear 
element makes so small an angle with the vertical as to be capa- 
ble of uniting with it. But as indicated above this is not essen- 
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tial to the full perspective effect. In fig. 62 the 
horizontal lines of course cannot be so combined, 
and yet when the oblique ones are thrown into re- 
lief by their union severally with the opposite parts 
of a these horizontal lines are seen to form parts 
of the resulting perspective figure. As might be 
expected in this case the appearance of relief ceases 
when the eyes are directed to the vertical line 8, 
which forms the base of the three perspective triangles, that is 
when we maintain fixedly the convergence uniting a wih 6. 
But as soon as the optic axes are allowed to vibrate towards the 
points of the triangles the relief is resumed. 

The particular case of combination just described is interest- 
ing from its resemblance to the experiment referred to by Sir D. 
Brewster (Phil. Mag., 1844, vol. 24, p. 442), and in regard to 
which he states a quite different result. Using a figure like the 
above, excepting that the three oblique lines are drawn at a much 
greater angle with the vertical, he remarks that the line a(A B in 
his figure) will not coalesce with the three oblique lines at once 
(marked C D in his figure); but each separate portion of A will, 
when the two other portions are concealed or removed, coalesce 
with the corresponding portion of C D. On repeating the ex- 
periment with the same figure | find that the binocular combina- 
tion of all three of the obiique lines with the vertical is as readily 
effected as that of any one of them separately. On uniting one 
of them with the opposite segment of the vertical A, Ll always 
observe that the two others at the same moment assume a like 
perspective attitude. Owing to the great horizontal breadth of 
the figure in Brewster’s experiment. the union in either case is 
imperfect, and unless the axes are kept in quicis vibration from 
side to side, the relief disappears. But when, as in fig. 62, the 
oblique lines are less inclined to the vertical, and the breadth of 
the figure much reduced, the perspective resultant for the whole 
is at once obtained. It is proper to add that precisely the same 
effects present themselves, whether l employ Brewster’s, Wheat- 
stone’s, or my own stereoscope, or effect the combination without 
any instrument. 

In the simple experiments above described, where the right line 
is used as one of the objects, there is some thing surprising even 
to the practised observer, in the transformation wrought upon the 
complex figure as soon as the right line coincides with it. We 
see it approach until it touches the figure, then it instantly van- 
ishes as a separate object, and at the same moment, as if by 
magic, the perspective resultant stands before us. 

It is well to remember that all these beautiful effects can be 
readily obtained from the figures (57, &c., to 62) as they stand 
on the page, by first covering with a slip of white paper all the 
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drawings but the vertical line and the figure to be combined with 
it, and then effecting the union of these two, by cross vision, in 
front of the paper. 

25. Union of plane figures of unequal horizontal dimensions. 

We have already seen that two rectangles of the same height 
but of different breadth may be united into a single quadrilateral 
figure (20—fig. 44) having a perspective position and of which 
the near vertical side is shorter than the remote one. With the 
triangles, fig. 63 and fig. 64, the coincidence and the perspective 
effect are very beautifully exhibited. 


In this case the resultant triangle turns the left extremity of 
its base towards the observer and averts the other, when the com- 
bination is effected by convergence beyond the plane of the paper ; 
and it takes the reverse attitude of relief when the eyes are con- 
verged to a point nearer than the plane of the paper. In fig. 63 
the horizontal inequality or difference of bases is 4th of an inch, 
in fig. 64 it is th inch; and as might be expected in the latter 
case, a very slight pause of the view at either angle of the base 
causes the components of the side opposite to separate as two 
lines diverging from the apex of the figure. A difference amount- 
ing to the fourth of an inch in horizontal breadth is about the 
limit of inequality which I have found in figures of this class to 
be compatible with a clear and satisfactory sense of the coales- 
cence of the outlines. 

In extending these experiments to the case of plane figures of 
many sides, it is to be observed that the corresponding sides or 
those which are to be binocularly combined ought to be of equal 
vertical height, that is, should lie between the same horizontal 
parallels. When this condition is complied with, as in fig. 65, 
A, B, C, D, the resultant is brought out in admirably clear relief, 
although the correspond- 65. 
ing horizontal dimen- B 
sions belonging to A, and 
the other figures, B, C, 
and D, intended to be 
united with it, differ 
largely from one another. 

Supposing in each case 
that the union is eflected 
Srconp Series, Vol. XXI, No. 61.—Jan., 1858. 
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by converging the axes toa point beyond the diagram, we ob- 
tain the following results. 

The combination of B with A gives us a perspective figure 
having the vertical line for its near edge and having all its sides 
situated in one and the same plane, which slopes away from us 
towards the right. 

Uniting C with A we have a resultant consisting of parts lying 
in two differently inclined planes both of them receding towards 
the right; that formed by the sides about the middle angle slo- 
ping away from us more steeply than the part adjoining the verti- 
cal side. 

When we combine D with A we have a resultant figure which 
like the preceding is inflected into two planes, but in this case 
the part next the vertical slopes fowards us from that line, and 
the remaining part as before recedes towards the right. 

It thus appears that right line figures having the same vertical 
dimensions for all their corresponding parts, but differing in their 
horizontal breadth, afford by their binocular union two classes of 
resultant figures—those of which all the parts are situated in one 
plane and those in which they lie in two or more differently in- 
clined planes. 

26. Conditions according to which the resultant will lie in one 
or in several planes. 

The geometrical conditions determining the character of the 
resultant figure in this respect are simply the following. When 
the figures which are to be combined are of such form that their 
corresponding horizontal dimensions bear a constant ratio to 
one another, for all points of the height, their binocular resultant 
will lie wholly in one perspective plane,—when the ratio varies, 
the resultant will lie in an inflected surface composed of two or 
more mutually inclined planes, each change of ratio being ac- 
companied by a change of direction of the surface. 

As this proposition is important from its generality, and will in 
the sequel be applied to curvilinear figures, the following short 
proof of it may be acceptable to the reader. : 

Let ab and cd (fig. 66) denote the horizontal breadths of the 
larger figure at the points 6 and d, and m6, nd those of the nar- 
rower one at the same points respectively. Also let R and L be 
the centres of the two eyes, and suppose zy to be the line in 
which, by a suitable axial convergence, the equal vertical heights 
of the figures are made to coalesce. As long as this particular de- 
gree of convergence is maintained unaltered, it is obvious that m 
and » will not coincide optically with a and c, but must continue 
to be seen at the intervals am and cn as in the diagram. Bya 
farther axial movement, however, a and m are made to coincide 
at r, and againc and nats. We are now to determine the posi- 
tions of r, s and the other resultant points similarly formed. 'T’o 
to this end we have 


4 
c 
tl 
2 a 
a 
3 
t 
t 
= 
€ 
] 
t 
( 
| 
| 
| 
be 


W. B. Rogers on Binocular Vision. 


am: RL=ar: Ra+ar, 
whence RL—am: am=Ra: ar, 
and therefore 


By alike process also, 


Re.cn 


Since in these experiments, a m and 
en are very small compared with R L, 
they may without material error be ex- 
punged from the above values of ar 
and cs; and since the distance a c must 
always be inconsiderable compared 
with Ra or Re these two lines may x 
be assumed as sensibly equal and par- \ 
allel, and as a consequence of the lat- 
ter the angles bar and des may be \ 
taken as equal. With these qualifica- 
tions, the former values when compar- | be 
ed with one another give us the pro- ‘ : a 
portion, ar :cs=am: cn. 
If now the two figures binocularly 
combined be of such construction that |/ “ 
the corresponding breadths are in a * 
constant ratio, we will have 
ab:cd=mb6: nd, 
whence am:icn=ab: ed. 
This compared with the former proportion gives 
ar:cs=ab:cd. 


But we have seen that the angles at a and ¢ are practically 
equal, therefore the line ds is parallel to br, and as its end d lies 
in the plane of zyr, the whole line must lie in that plane. Con- 
sequently the resultant point s is situated in the plaue of ryr. 
In the same way it may be proved that any other resultant points 
similarly formed must be situated in the plane of zyr. Hence 
the whole resultant figure must lie in that plane. 

It is scarcely necessary to add*that from the approximate na- 
ture of the above reasoning, we are not to consider the resultant 
as coinciding absolutely at all points with the given plane but as 
being so nearly coincident with it as to make any deviation en- 
tirely imperceptible. 

On comparing the diagrams A and B, fig. 65, it will be remarked 
that their breadth at corresponding heights are every where in 
the ratio of one to two. The above conclusion therefore applies 
to them, viz., that their binocular resultant must lie wholly in one 
plane, and this effect as already seen, accords with observation. 

Let us now suppose the two figures to be such that their cor- 
responding breadths are noé in a constant ratio to one another, 
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Let us imagine, for example, that while the point m, fig. 66, re- 
tains its present position in a@ b dividing that line in the propor- 
tion of 1 to 4, the point m, from being similarly situated in ¢ d, 
is transferred to 0, so as to divide cd in the ratio of 1to 3. Itis 
obvious that the resultant of ¢ and o will be in some position ¢, 
below s, and not in the plane of zyr, and further that all other 
pairs of points of the two figures whose relative distances from 
x y are the same as those of ¢ and o will, (by the previous dem- 
onstration) form their resultants in the plane of z yo. It thus ap- 
pears that every change in the ratio of the breadths of the fig- 
ures at corresponding heights is accompanied by an inflexion 
of the resultant into a new plane. 

Applying this to the combination of C with A (fig. 65), we 
observe that while the breadth of C at the middle angle is nearly 
twice that of A at the same level, its breadth at the angle above 
or below is about one and a fourth that of the corresponding part 
of A. The former ratio determines the direction of the plane 
containing the second and third sides of the resultant figure 
counting from the tep, and the latter that of the plane con- 
taining the first and fourth sides together with the vertical ; 
and as the former is a ratio of greater inequality than the latter, 
it is evident that the plane of the second and third sides will 
have a steeper inclination than the other. This corresponds with 
what was stated in describing the appearance of the resultant 
figure. By similar reasoning we might deduce the form of the 
resultant produced by the union of D with A, but enough has 
been said to illustrate the conditions which determine the position 
generally of the resultant of right-line figures of unequal hori- 
zontal dimensions. 

27. Of the union of a straight line with a curve. 

Among the simpler cases of combination there is none which 
exemplifies move curiously the effect of binocular union than the 
coalescence of a right line with a curve. Thus when a and 4, 
fig. 67, are brought together by converging the - 
eyes to points behind or in front of the paper, we 
are at once presented with a curve standing out 
with great clearness and in strong relief, and turn- 
ing its apex in the one case towards us and in the 
other from us, but in both positions directed a little 
to the left side. The great steepness of the flanks 
of this perspective arch is an obvious result of the * b 
considerable angle which the terminal parts of 6 make with the 
corresponding parts of a. 

In this experiment the union beginning at the middle of a and 
b extends simultaneously along the upper and lower halves includ- 
ing in this interval a total converging movement measured by 
the distance between the middle of 6 and its chord. 
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Drawing chords from middle to the ends of } and combining 
the figure, thus modified, with a, we obtain, along with the per- 
spective curve before seen, two perspective chords extending from 
its apex to the upper and lower ends. ll these lines are devel- 
oped with perfect distinctness and so rapidly as to appear quite 
simultaneous. By fixing the attention however on the apex of 
the perspective curve we see the right line separating from it at 
the ends, and by great steadiness of convergence we may even 
succeed in bringing the vertical into the position of a tangent at 
the apex, in which case the figure loses its relief 

It will be found in the sequel that the perspective curve formed 
by the union of a right line with the arc of a circle is in all cases 
a conic section, the special nature of which is dependant on the 
conditions of the experiment. 

When the curvature of 6 is much greater than in the figure its 
apparent coincidence with a is always imperfect towards the ex- 
tremities, although clear and satisfactory throughout the interme- 
diate space. An extreme case of this kind is presented in the at- 
tempt at uniting the square and circle of fig. 68. When in this 
experiment the parts a 68. 
and ¢ are brought to- 
gether by converging 
the axes beyond the pa- 
per, we have a steep 
perspective curve with 
its apex towards us; 
when 6b and d are 
brought together we have a similar curve with its apex averted. 
But in both cases the coincidence entirely fails towards the upper 
and lower parts of the figure. By passing rapidly from the one 
to the other combination, we have momentary glimpses of a 
warped surface which combining the two flexures appears convex 
on the left and concave on the right side. 


a 
b 


28. Of the union of one curve line with another. 
The simplest combination of this kind is that of two equal 
and similar circular ares whose convexities are turned in opposite 
directions. (Fig.69.) These are readily united 69. 
either with or without the stereoscope, and form 
a resultant curve which lies in a plane perpendic- 
ular to that of the diagram. Of course when the 
union is effected beyond the figure the resultant 
curve turns its apex towards the observer, when 
it is produced on the near side it turns its apex 
in the opposite direction. In either case, the 4 r) 
depth of the perspective is evidently dependant 
on the sum of the convexities of the two arcs. As will be shewn 
hereafter the form of the resultant is a conic section. 
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If the arcs be of unequal converity the resultant curve will 
no longer have the perpendicular altitude, but will incline a little 
to the one or other side according to circumstances. Thus if 
6 be more convex than a the resultant curve will turn its apex 
towards the left, and if @ be more convex than 4 it will turn it 
towards the right. 

When the curvatures of a and 6 are turned the same way the 
depth of the relief will obviously be proportional to the differ- 
ence of the convexities of the two arcs. With equal curvatures 
they will form a resultant are similar to either 70. 
component and having no relief. When they 
have unequal convexity as in fig. 70, the re- 
sultant is a perspective curve in an oblique 
position. If, as in the figure, b should have the 
greater curvature of the two, the apex of the 
resultant curve will inciine towards the right ; 
if that of a should be the greater the apex will @ 2 
turn towards the left. 

With arcs of no greater curvature than those of the last figure, 
all the points of the resultant curve appear to lie in one and the 
same plane. In strictness, however, they are not thus situated, 
but lie in a curved surface. 'To prove this we have only to use 
arcs of much greater incurvation as in fig. 71. Here when we 
form the resultant in front of the dia- 1. 
gram we find it to consist of a curved 
surface bounded by the resultant curve, 
and a vertical straight line due to the 
union of the two chords. Beginning at 
the near edge formed by this vertical 
line, the surface recedes with a concave 
sweep, at first rapidly, and then more 
gently towards the apex or farthest point. When the combination 
is made beyond the plane of the paper, the curved surface traced 
from the vertical edge, approaches the observer in a conver sweep, 
rapidly at first, but more slowly towards the apex. 

When the curves which are united are a circle and an ellipse 
whose vertical axis is equal to the diameter of the circle, or when 
they are two ellipses of equal vertical diameters, the resultant 
curve lies wholly in one plane. 

On combining the ellipse 
a with the circle of ¢ fig. 

72, we have for the result- 
ant an ellipse in a perspect- 
ive plane, which recedes 
towards the right when the 
combination is formed in 
front of the paper, and to- 
wards the left when formed behind. Substituting the ellipse 5 
for a in this experiment, we obtain as before a resultant ellipse in 
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a perspective plane, but in this case under the same conditions of 
combination with the preceding, it is inclined the opposite way. 
A like effect is produced by removing the circle and putting } in 
its place, and then combining 6 anda. In all three resultants 
the longer axis of the ellipse is horizontal. Its length is great- 
est in the ellipse formed by the binocular union of a with 8. 

If now both ellipses, placed as in the figure, be used at the 
same time to combine with the circle, we obtain by rapid alter- 
nation of combinations a resultant consisting of two perspective 
ellipses intersecting in their shorter or vertical diameter. © It is to 
be remarked that in this experiment it sometimes happens that we 
cannot pass from one combination to the other rapidly enough to 
obtain the effect of an apparently simultaneous view of the whole 
of the two resultant ellipses. In this case the two near halves 
or the two remote halves of the intersecting ellipses, or either el- 
lipse entire, is all that we distinctly see, but it is only necessary 
to pass quickly from one to the other to perceive the whole of 
the curves together. 

We have thus seen that the resultant formed by the union of 
two elliptic arcs or of an elliptic and circular one, under the given 
conditions, lies wholly in one plane, while that formed from arcs 
of unequal circles lies in a curved surface. This remarkable dif- 
ference of effect is readily explained when we compare the geo- 
metrical conditions demonstrated under a previous head (26) with 
the properties of these associated curves. 

In the case of the ellipse and circle or the two ellipses, (fig- 
ure 72,) placed in the position described in a preceding para- 
graph the horizontal breadths of the component figures, at equal 
heights, must, according to a well-known property of the ellipse, 
have every where the same proportion as the horizontal diame- 
ters of the two curves. These figures therefore belong to the 
class whose corresponding horizontal dimensions have a constant 
ratio, and hence they form their resultant wholly in one plane. 

When the associated curves however, are circular ones of une- 
qual curvature, as in fig. 71, the corresponding horizontal dimen- 
sions cease to have a constant proportion. Bringing them to- 
gether as in fig. 73, we perceive that the relativeine- 73. 
quality of breadths of the two segments is greatest at 
the bottom and top and least at the middle height of 
the figure, and that it continually diminishes according 
to a certain law from the extremities towards the mid- 
dle. As we have seen (26,) that for each change of ratio 
the resultant must be inflected into a new plane, it fol- 
lows that in this case an inflexion must occur at each 
successive point, in other words, that the resultant must lie in a 


curved or warped surface. 


(Zo be continued.) 
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Prof. E.. Hitchcock on a new Fossil Fish. 


Arr. X1.—On a new Fossil Fish, and new Fossil Footmarks ; 
by Prof. Epwarp Hrrcucock, of Amherst College. 


1. History of the Discovery and general character of the Jaw 
of anew family of fossil fishes. 


T'n1s specimen was presented to the American Association for 
the Advancement of Science, at its meeting in Providence in 
August, 1855. I received it from Rev. John Hawks, of Monte- 
zuma, in Park County, Indiana; to whom it was presented for 
me, by Dr. S. B. Bushnell of the same place. Mr. Hawks says, 
“it was found in Park County, Indiana, near the Wabash river, 
in a layer of slate, about one foot beneath the surface of the 
ground. Immediately beneath the layer of slate, which was 
about one foot in thickness, was a coal ban/:.” 

Having stated to the Association that this beautiful specimen 
was evidently the jaw of a shark, but of most peculiar structure, 
I had not the presumption to throw out my crude suggestions 
concerning it, when a gentleman present to whom the intricacies 
of fossil ichthyology were as familiar as household words. I 
therefore requested Professor Agassiz to give his views of the 
specimen. 

That gentleman expressed his conviction that the specimen 
was the jaw of a new and extraordinary family of sharks, allied 
to the sword fish, or Pristis. He stated that the sword of the 
Pristis was originally composed of more than one bone, which 
became united. If those bones were to be permanently separa- 
ted and armed with teeth only on one side, they would resemble 
the fossil specimen, except that the latter is curved. Such an 
arrangement he supposed to have existed in the fish from which 
this jaw was taken: that is, it had two swords, armed en the 
outer side with sharp serrated teeth. ‘The supposition seemed 
so reasonable that it was received by the Association with ap- 
plause. 

Prof. Agassiz said that such an animal would not only form a 
new genus of fossil fishes, but a new family. And he regarded 
the discovery of as great importance almost, in fossil ichthyology, 
as was that of the Ichthyosaurus and Plesiosaurus in fossil Her- 
petology. ‘The specimen will be committed to him for descrip- 
tion. But it seemed desirable, on several accounts, to give this 
brief history of its discovery, and a popular description of its 
characters. ‘The whole of it is a good deal mineralized, being 
converted mostly into black limestone; and from its weight, I 
suspect the presence of iron in some form. 
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2. Description of a new and remarkable species of Fossil Foot- 
mark, from the Sandstone of Turner's Falls, in the Con- 
necticut Valley. 

Not long since, my attention was called by Roswell Field, 
Esq. to an extraordinary footmark in a quarry upon his farm 
near Turner’s Falls in Gill. 1 advised him to get out if possible 
a slab containing a series of the tracks, which he did with much 
judgment and skill, and subsequently I purchased the specimen 
for the Ichnological Cabinet of Amherst College, where it is now 
deposited. 

I have regarded the Otozoum Moodii as the most remarkable 
animal, so far as we can judge from footmarks, that ever trod the 
valley of the Connecticut. But the animal that made this new 
track must have been quite as remarkable and as unlike existing 
forms. I have called it Gigandipus caudatus, (y:yas and dizov;,) 
the tailed giant biped. The following is a systematic descrip- 
tion of the genus and species, according to the plan which I 
adopted in my paper on F’ootmarks and the Animals that made 
them, in the Transactions of the American Academy of Arts and 
Sciences. 

Gigandipus. 

Bipedal: tailed: tetradactylous: the three toes pointing for- 
ward broad and long; the fourth curved, narrow and short, pro- 
ceeding inward almost laterally from the back part of the heel. 


Gigandipus caudatus. 


Divarication of the middle and inner toes, 20° to 23°. Of the 
outer and middle toes, the same; of the lateral toes, do.; of the 
outer toes 40°. Length of the middle toe, 12 inches; of the 
outer toe, 8 inches; of the inner toe, the same; of the hind toe, 
4inches. Width of the middle toe, 24 to 3 inches; of the inner 
toe 24 to 3 inches; of the outer toe, 2 to 34 inches; of the hind 
toe { of an inch. Length of the foot, 16 inches; of the step 3 
feet 3 inches to 3 feet 4 inches; from tip to tip of the lateral 
toes, 10 inches; between the tips of each lateral toe and the 
middle toe, 74 inches. ‘The three forward toes, thick, rounded, 
blunt, without claws, and slightly curved outwards. The hind 
toe considerably curved backward, somewhat acuminate, making 
an impression along its whole leugth, and nearly as deep as the 
large toes. Heel rounded and broad; but as there are no pha- 
langeal impressions from the toes, the line of junction between 
them and the heel cannot be traced. Axis of the foot coincident 
with the line of direction. ‘Tracks generally in a right line. 
Right and left foot distinguishable by the position of the hind 
toe, which is alternately on the right aud left side of the track. 
Trace of a tail very manifest; passing across the middle of the 
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tracks, except when the ani- 
mal changed its course. Width 
of the trace from a quarter to 
half an inch, with a some- 
what feathery appearance on 
each side, such as is exhibited 
by the slight ripples, when a 
body is drawn rapidly through 
water. 

The accompanying sketch 
represents the only specimen 
of the track of this animal 
yet found, one-twenty-third 
part of the natural size. Sev- 
eral small tracks of a biped, 
(the Ornithupus gallinaceus ?) 
are also shown—one row of 
seven and another of four. 
A few scattering quadrupedal 
tracks, not very distinct, exist 
on the slab but are not shown 
in the drawing. 

On first looking at this slab, 
a person would suppose the 
tracks were those of Bronto- 
zoum giganteum. But he 
would soon discover the fourth 
toe, which I have never seen 
upon the more than a hun- 
dred tracks of the Brontozoum 
giganteum which have fallen 
under my notice, and which 
were deeper than those of 
the Gigandipus, and must 
therefore have shown a toe 
had it existed. Then the 
outer and inner toes of the 
Gigandipus are of almost ex- 
actly equal length, but never 
so in the Brontozoum. No 
claw or phalangeal impres- 
sions are seen upon the track 
of the Gigandipus, although 
the rock is extremely favora- 
ble for showing such charac- 
ters, had they existed in the 
foot. 
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But the unmistakable evidence of a tail is the most remarka- 
ble thing about this animal. It cannot be doubted, I think, by 
any one who will look at the slab, and it leads one at once to 
look sharply for marks of its quadrupedal character. But no 
trace of more than two feet is to be found, although the exist- 
ence of so many small tracks on the slab shows that the rock is 
a fine one for retaining the marks of the fore feet if they had 
existed. The only supposition making its quadrupedal charac- 
ter at all plausible, is, that the fore feet might have made an im- 
pression not quite so deep as the hind ones, and the layer con- 
taining them, may have been scaled off without our noticing their 
existence. I saw the tracks before they were fully uncovered, and 
observed no signs of fore feet; and Mr. Field has had great expe- 
rience in such matters, so that had they existed, I think he must 
have seen them. 

Upon the whole, the evidence is very strong that this animal 
was an enormous biped with a very long tail! I say a dong tail; 
for when the tracks of a biped follow one another almost in a 
straight line, the animal must have had long legs. Three of 
these tracks are almost exactly inaline. At the fourth step it 
trod a little to the right, which swayed the body and consequently 
the tail, somewhat in that direction. 

The inquiry naturally arises, whether these facts do not weak- 
en very much the proof that any of the tracks in the sandstone 
of the Connecticut valley were made by birds. For here we 
have a biped with feet that might easily be mistaken for those of 
birds, and yet we know, from the existence of a tail, that it could 
not have been a bird. The Otozoum, however, had already pre- 
sented us with an example of a biped which could not have been 
a bird, as is proved from the number of its toes and phalangeal 
impressions, and the remarkable web on its foot. The only dif- 
ference in the case of the Gigandipus, is, that its track has more 
the aspect of a bird’s. But the grand argument for the ornithic 
origin of some of the tracks, I mean the number of phalangeal 
impressions, still remains untouched. Should this fail, I freely 
confess that but little ground would remain for such an opinion 
to rest upon. I confess too, that the evidence is increasing for 
the supposition, already repeatedly hinted at by me in former de- 
scriptions of footmarks, that many of these extinct animals may 
have belonged to a type of animal existence intermediate be- 
tween that of birds and the lower classes of vertebrates. But I 
have no time to follow ont this thought. 

But whatever opinion we may form as to the place in a scten- 
tific arrangement occupied by these animals, all must be struck 
with their extraordinary size and peculiarities. It is amazing 
how different were the former from the present occupants of 
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this peaceful valley. I venture to say, that the Otozonm and 
Gigandipus were as wonderful creatures as ever walked the 
earth or swam in the water. No species have been dug from the 
ee of the eastern world more gigantic and anomalous than 
these. 


Art. XI1.—On Kilauea; by Rev. Trrvus Coan, (from a letter 
to J. D. Dana, dated Hilo, Hawaii, July 18, 1855.) 


You are aware that no eruption has occurred at Kilanea since 
1840, except such as have been confined within its own mural 
walls ; that the whole central area of the crater floor has been 
elevated some 600 feet, forming a broad and high table land, 
terminating on the east side ina long and lofty ridge of debris, 
so abrupt and toppling as to defy the ascent of man; but at 
many points on the other sides accessible by an inclived plane. 
The distance from this great central platform to the outer or main 
walls of the crater may average half a mile, and this surrounding 
zone or belt, is where the old “ black ledge” used to be ; but it 
is now lower by 200 feet, than some points in the central plat- 
form. At the southern verge of this elevated region, separated, 
by a broken and abrupt depression, stands the great dome over 
the fiery abyss, called “ Halemaumau.” The elevation of this 
dome is equal to that of the great table rock just described ; and 
on its summit opens a valve 200 feet in diameter down which 
you look, as into ‘Tartarns, and see, and hear and feel the toss- 
ings and the ragings of the burning gulf. On the western side of 
this immense dome a fissure has been opened, and near its base 
a cragged, smoking cone has been elevated which breathes out 
“smoke, and fire, and brimstone.” You are aware that for many 
years past, up to 1855, the crater has been unusually dull; so 
much so, that many believed this great forge would never go 
into blast again. But this was a mistake. For months past this 
awful furnace has been brightening, and glowing, and raging, 
and roaring with fearful intensity. ‘The action, however, is all 
confined to the great dome and the girdle between the central ta- 
ble and the outer walls; while the elevated interior is unaffected, 
and even begins to produce plants and Ohelo berries. But it is 
surrounded by the burning streams of Phlegethon, and stands as 
a burnt island in a sea of fire. The great dome is thundering 
and throwing up columns of dashing fusion from its horrid throat 
to a height of 200 feet, whiie its walls tremble at the fury of 
those waves which rage and dash within. Occasionally a burn- 
ing river bursts through the rent chasm near its base and rolls its 
glaring waves over all that region, flooding the heavens with light, 
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T. Coan on Kilauea. 101 
and filling the spectator with mingled emotions of delight, of 
awe, and of terror. But this isnot half. ‘The whole of the sur- 
rounding belt, from its periphery at the base of the great walls 
of Kilauea, to the elevated central platform—and over eight miles 
in circumference by half a mile in diameter, is in a state of in- 
tense activity. Over this surface I could count sixty lakes of fu- 
sion whose flaming fires were sparkling, and surging, and dash- 
ing, and leaping in the most fantastic and brilliant manner, ex- 
ceeding all that pen or pencil can paint. ‘The whole of this sur- 
face is not, of course, broken and fused at once ; but it is every 
where rent with fissures, studded with burning cones, and dotted 
with boiling lakes and pools of igneous fusion; and even the 
solid portions of the surface are so hot as almost to crisp the scle 
of one’s shoes, while the smoke and the pungent gases render it 
difficult to travel in some parts and impossible in others. At the 
terminus of the winding trail by which you descend into the cra- 
ter, a great lake of fire has been opened, so that a party which 
visited Kilauea some three months ago, returned without effect- 
ing an entrance into the crater. 

During the last week in May and the first in June, visitors and 
passing travelers reported a fiery girdle around the whole circum- 
ference of Kilauea, along the base of her lofty walls—and, so in- 
tense was the heat, so suffocating the gases, so fearful the his- 
sings, so awful the surgings, and so startling the detonations, that 
horses wheeled and plunged with panic, and men retired from the 
old Kau and Hilo road which, as you may recollect, lay near the 
upper precipice, and passed the great fissure at a respectful dis- 
tance. And I have been told by those who observed and felt it, 
that so great was the heat on the road above the western preci- 
pice, 700 feet above the fires, that they were obliged to hold 
their hats between their faces and the crater, and pass rapidly 
along to avoid it. The upper banks also of the crater are smok- 
ing and steaming intensely, and sometimes the vast cauldron of 
Kilauea is so filled with dense masses of steam and smoke as to 
obscure all the glowing fires below, and to represent by a fact 
which mocks all fable, those Plutonic realms where fire and dark- 
ness forever reign. 

Again when the winds are free and the fires more active, this 
suffocating mass of heated gases, vapor and smoke rolls off, 
and leaves the abyss below, all radiant with ten thousand bril- 
liants, while the sparkling and dancing fires shine up gloriously 
upon the heavens, forming a lurid pillar whose brilliance is seen 
along the shores of Hilo, Puna, and Kau, and far off at sea. 

For twenty years I have watched the movements of this great 
crucible of nature,—this Hawaiian voleano—with intense inter- 
est, and never perhaps, have I seen the fires more extensively 
distributed over the crater or more active and vivid in their play. 
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We may be entertained with another grand eruption; but 
when and where it wiil burst the adamantine walls which now 
confine the molten seas, we know not. 

I said that | had lately visited Kilauea. During the latter part 
of June, I left Honolulu where our mission had held its an- 
nual meeting, in company with a party of ladies, gentlemen 
and children, bound to Hilo, via Kau and Kilauea. We reached 
the voleano on the third of July, and left in on the fourth. But 
I regret to say, that, in consequence of a sprained foot, I was un- 
able to descend into the crater. I could therefore only survey it 
from the upper banks, aud receive the reports of a party who 
went down to the fires. 

At Kilauea I was met by my son, T. Munson, from Hilo, with 
an instrument to measure the angle of inclination of the stream 
of lava on the northern precipice of the crater. On the fourth of 
July he went down for the purpose ; but as all that portion of the 
crater was full of boiling cauldrons, and as the whole bank was 
enveloped in dense smoke and deadly gases, he was unable to 
approach it. Meanwhile I had proceeded on toward Hilo with 
the ladies and children, none of whom could be persuaded to go 
down into that fiery abyss on account of the fearful activity of 
the fusion. 

I exceedingly regret this failure, and the more so as I know 
not when I shall be able to visit the spot again. Should I be 
permitted however, to revisit the scene, nothing but an impossi- 
bility shall prevent me from attending to your request, and send- 
ing you the angle of that slope.* [*°am ashamed that it has not 
been done before, and my apology is, as stated, want of opportu- 
nity, unless I had gone up on purpose. Meanwhile, you will I 
think, rest assured that that angle is not lessthan 40.° As I have 
measured other slopes, I compared them in my mind to what [ 
recollect of that when with extreme difficulty | clambered up it 
in 1835. I intend however, to give it to you correctly, if spared 
to visit Kilanea again. 

You ask if there were any small cones thrown up along the 
course of the eruption of 1852. ‘There were a few. 


* In the writer’s Exploring Expedition Report on Geology, p. 179, these streams 
of solid lava descending the enclosing slopes of Kilauea are mentioned. Mr. Coan 
writes in reply to a request that he should measure the angle of declivity, there 
being some doubt with respect to it. The above account by Mr. Coan will be bet- 
ter understood after a reference to the sketch of Kilauea in volume ix, of this Jour- 
nal, p. 352. The great dome Ha/emaumau corresponds to the lake, a, in the south- 
west extremity of the crater—J. D. Daya. 
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Arr. XIII.—On the Aperture of Object Glasses; by F. H. 
Wennay, republished* from the London Quarterly Journal of 
Microscopic Science for October, 1855. 


Proressor Baitey having noticed in the July number my re- 
marks bearing reference to the fact of his being able to discover 
the markings on the most difficult tests known, when mounted 
in balsam, I beg to state, that my observations were dictated by 
no other motive than the desire of establishing a correct fact, 
and that I was not prejudiced by any favorite theory. 

Professor Bailey says, ‘It is apparent from the above that Mr. 
Wenham has convinced himself, both by reason and experiment 
that | ought not to have seen the markings on delicate test-ob- 
jects when mounted in balsam.’ From this I infer that Prof. 
Bailey had not seen a paragraph contained in my communica- 
tion in the ‘Quarterly Journal of Miscroscopic Science’ for Jan- 
uary, 1855, page 162, or I feel assured that he would not have 
thought it necessary to make this form of reply, for I therein as- 
sert that subsequent experience had induced me to recall my re- 
marks, and that I had lately succeeded in bringing out the strie 
of some very difficult tests when in balsam. TI will now corrob- 
orate this by saying that I am convinced that Prof. Bailey is per- 
fectly correct in his statement with respect to balsam tests which 
must henceforth be recorded in the list of facts. ‘Thus far we are 
quite agreed; but as Prof. Bailey’s allusions extend beyond this 
point, self-defence will be my apology for taking some notice of 
them. Referring to me, Prof. Bailey says, ‘the error ia his ar- 
guments will be sufficiently obvious to any one who will trace 
the course of a divergent pencil out of the balsam instead of into 
it, as in Mr. Wenham’s experiments, and it will then be seen 
that large angles of aperture are as useful for balsam-mounted 
specimens as for others.’ Surely Prof. Bailey cannot have well 
considered this extraordinary, because extremely incorrect, asser- 
tion, which is tantamount to saying, that a divergent pencil of 
rays from a luminous point, submerged in balsam will in each 
case continue their course in the same straight line without suf- 
fering any refraction after emerging from a plane surface of the 
medium. ‘This is contrary to all reason, for in the trigonometry 
of optics where there are sufficient data connected with the posi- 
tion and direction of the rays, it comes to precisely the same 
thing whether they are traced znéo the refractive medium or out 
of it. But taking Prof. Bailey on his own statement, I will ex- 
plain what is the real effect in the case. Suppose a series of 
rays diverging from a balsam mounted object; from the mean 


* By request of Prof. Bailey. 
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refraction of the balsam and glass cover (the indices being about 
1:54 and 1°53) total reflection would take place from the upper 
surface of the latter at an angle of very nearly 41° from the per- 
pendicular. ‘This therefore at once limits the angle of rays ccl- 
lected by the object glass to 82°, and as total reflection begins 
where refraction ceases, all rays beyond this point will be en- 
tirely reflected down again into the balsam and lost by disper- 
sion ; and the extreme rays of the pencil of 82° that just exceed 
total reflection by passing through the glass, so far from contin- 
uing their course in a straight line, are brought down by refrac- 
tion to the very level of the top surface of the cover itself, so 
that if it were possible to use an objective of 18U° of aperture, 
the effect of the balsam mounting would reduce it at once to 82°, 
and allowing for‘all possible variation of the refractive power of 
the balsam and cover, I have no hesitation in affirming that any 
object mounted in the usual manner in the medium, has never 
been seen with an angle greater than 85°; but in all probability 
the extreme limit has been about 78°. ‘This statement is not the 
result of mere hypothesis, but admits of ocular demonstration, 
by experiments that will prove it at least half a dozen different 
ways, and is so true in theory, that to endeavor to disprove it 
will be to take the difficult course of attempting to undermine 
the ground upon which I stand, by denying the first laws of re- 
fraction upon which my assertion is based. 

Prof. Bailey has, no doubt, experienced the advantage of the 
utmost extent of aperture that can be obtained, in that particu- 
lar department of investigation in which he has so eminently 
distinguished himself; aud I am willing to admit that if the 
highest powers are to be used ouly for viewing thin and flat ob- 
jects, like the Diatomacea, the aperture may be as near to 180°, 
as may be practically convenient for this especial purpose ; but 
considering all the requirements and perhaps more useful appli- 
cation of the object glass, I am still of opinion that beyond 150° 
there is no real advantage to be gained. I have expended much 
time and taken special delight in the cultivation of the largest 
apertures, and possess au assortment ranging up to the greatest 
possible limit, and I can even now bring out striz with 150° as 
readily as with anything beyond it, with the positive advantage 
of a greater distance between the first leus and object. Some of 
the phenomena described in my communication to the present 
Journal are extremely severe tests of all the good qualities of an 
object glass, and yet I have had some whose performance is un- 
rivalled upon a difficult diatomaceous test, repeatediy break down 
and fail in their effective duty when applied to the investigation 
of plaut-circulation, from the fact of their possessing too much 
aperture. 
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Arzu. XIV.—Remarks on Mr. Wenham’s paper on Aperture of 
Object Glasses ; by Professor J. W. Baixey. 


As Mr. Wenham now frankly admits the correctness of my 
statements with regard to the possibility of resolving difficult 
test-objects even when balsam-mounted, no further remarks are 
necessary upon that point, but a few words of comment are re- 
quired by other portions of his paper. 

That my reply was written before I could have had any 
knowledge that Mr. Wenham had recalled his remarks in which 
doubt appeared to be thrown on my positive statement of facts 
will sufficiently appear by the date of my reply, which was pub- 
lished in the American Journal of Science for January, 1855, the 
very time in which Mr. Wenham’s retraction of his remarks ap- 
peared in the Quarterly Journal for Microscopic Science. 

If Mr. Wenham finds anything objectionable in the form of 
my reply, he should bear in mind that this discussion is not one 
of my seeking, and that I put the best possible construction upon 
his remarks which seemed to call in question the correctness of 
my assertions. I am utterly averse to anything like scientific 
controversy, and would make no further remarks in this counec- 
tion, if Mr. Wenham had not so entirely mistaken my statement, 
as to represent me as having published sheer nonsense. ‘The 
statement on which Mr. Wenham animadverts is as follows. 
“The error in Mr. Wenham’s arguments will be sufficiently ob- 
vious to any one who will trace the course of a divergent beam 
out of the balsam, instead of inéo it, and it will then be seen that 
large angles of aperture are as useful for balsam-mounted speci- 
mens as for others.” This statement as tt stands, I still hold to, 
but I must protest against its being considered “tantamount” to 
any such absurdity as that into which Mr. Wenham has trans- 
lated it, which is indeed “contrary to all reason.” 

I mean to assert, however, what Mr. Wenham so emphatically 
denies, viz., that it does make a difference whether rays are traced 
into a refractive medium or ow? of it. I cannot admit that these 
two cases “come to precisely the same thing.” 

Mr. Wenham surely does not need to be told that if “the trig- 
onometry of optics” establishes anything, it proves that the same 
medium which bends an incident ray towards the perpendicular 
when it enters, will bend it from the perpendicular when it 
emerges. Hence a beam of divezgent rays from a point within 
a medium is rendered still more divergent when it emerges, and 
in fact is spread out so that the extreme rays which emerge, are 
in the plane of emergence, or make an angle of 180° with each 
other. 
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Mr. Wenham seems to confine his attention to the fact that a 
large portion of the rays from a balsam-mounted object are lost 
by internal reflection. ‘This, of course, I never meant to deny, 
and in fact it is one obvious reason why balsam-mounted test 
objects are, as I long ago stated, far more difficult to resolve than 
when mounted dry. The loss of a portion of the rays in this man- 
ner, however, has nothing whatever to do with the present ques- 
tion, which is simply whether of the rays that do emerge, (and 
which make every angle with each other from 0° to 180°) more 
will be collected by a lens of large or small aperture. Certainly 
Mr. Wenham cannot deny that the larger aperture will receive 
the larger number of rays, and if so, then my statement is fully 
confirmed that “large angles of aperture are as useful for balsam 
mounted objects as for others.” 

The distinction I have alluded to above, between the intensity 
of illumination of the balsam-mounted object and the effect of 
large angle of aperture, is alluded to by Dr. Robinson in his pa- 
per “On a new method of measuring Angular Aperture,” where 
he states in a note that the effect of mounting in balsam “is in 
fact equivalent to reducing the aperture of the objective below 
100°, as far as illumination is concerned, though a much larger 
one may be required to take in the pencil.” As to the question 
whether large angles of aperture are always desirable, each one 
will be apt to decide according to the merits of his own glasses, 
I can only say that I have as yet seen nothing to make me fear 
that 1 may have lenses of too much aperture. 


Art. XV.—On certain Adaptations of the Compound Micro- 
scope ; by Oapen N. Roop. 


Te compound microscope and some of the pieces of appara- 
tus which generally accompany it, can, in the absence of certain 
especial optical instruments, be made very conveniently to per- 
form their part ; we propose to mention briefly a few of the uses 
for which it may be employed. 

As a goniometer, for the measurement of the angles of large 
crystals. Good compound microscopes as now made, are ordina- 
rily furnished with a small.graduated circle which fits around the 
end of the draw-tube and which is intended for the measurement 
of microscopic crystals: if the circle have a diameter of from 
three to three and a half inches, and be provided with a proper 
vernier, minutes can conveniently be read. In case of a reflect- 
ing goniometer not being at hand, it is evident that the angles of 
large crystals can be measured with this apparatus ; all that is ne- 
cessary is, to bring the microscope to an upright position, to re- 
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move the eye-piece, and substitute in its place a brass plate which 
fits into the end of the draw-tube ; if then a second brass plate 
of the same size be placed on the first with three small pieces of 
wax intervening and the crystal be attached to the topmost plate 
with a little wax, it can be centered and its angles measured in 
the ordinary manner. 

F'or the measurement of the angles of microscopic crystals, an 
apparatus has long since been devised, consisting as before stated, 
of a divided circle fitting around the draw-tube and a vernier 
which is attached to the eye-piece; a divided slip of glass ora 
cobweb-line is placed in the focus of the eye-lens; this is suc- 
cessively applied to different sides of the magnified image of the 
crystal, and measurements are so qbtained. ‘This arrangement 
is however, open to many serious objections, as any one who has 
used it for actual work will be ready to acknowledge. It is in 
general impossible to measure interfacial angles, plane angles be- 
ing for the most part the only ones which can be obtained, and 
the measurement even of these is subject to great inaccuracy : 
if the faces do not lie perpendicular to the axis of the compound 
body, only the projected angle can be obtained and this will vary 
jargely from the truth: add the fact, that owing to refraction and 
total reflexion within the crystal and the inability to turn it 
around, ordinarily no idea can be formed of its general shape— 
some faces which are even on the uppermost side of the crystal 
not appearing, and some being seen which have no real existence 
—an idea of the difficulty of using this arrangement will be 
formed. By far the best mode of proceeding is to view the crys- 
tal as an opaque object under light concentrated by a bull’s-eye- 
condenser, and to make a free use of the revolving stage. 

Having had occasion lately to measure the angles of some mi- 
croscopic crystals, the following methods were devised. The 
microscope is brought into a horizontal position, the brass plate 
above mentioned occupying the place of the eye-piece; a small 
piece of wax is moulded to a conical shape, the microscopic crys- 
tal attached to its pointed extremity and the whole fastened to 
the brass plate as seen in fig. 1. The light from the flame (F) of a 
candle is then to be concentrated on the crystal and it is to be 
viewed from all sides, by an achromatic inch or half-inch object- 
ive held in the hand; by revolving the crystal on the axis of the 
instrument its faces will be seen to flash into brightness as they 
fall into positions to reflect the light. In this manner a good idea 
can be formed of the number and position of its faces, and if ne- 
cessary, a wooden model can be cut for future reference. 

(a.) If the faces to be measured are larger than ;1, of an inch, 
the following method may be employed for measuring their in- 
clination. Without disturbing the crystal the wax is to be bent 
into such a shape as to make the edge of intersection of the two 
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faces coincident with the axis of the compound body: it can 
readily be determined by the inch lens which is to be supported 
on a stand in the position seen in fig. 1, when this is nearly ac- 
complished. ‘Two hairs crossing each other at right angles are 
to be fastened to the end of the brass tube in which the lens is 
set. If now one of the faces under consideration be made to re- 
flect the light so as to be seen brilliantly illuminated by the inch 
lens, the condenser removed and a second lens of about two inches 
focal length, (the field lens of one of the eye-pieces will answer 
for this purpose,) be held by the hand behind the inch lens, after 
a little trial a position can be found, where, instead of the illumin- 
ated face of the crystal, a distinct image of the flame, more or 
less inclined to the perpendicular cross-hair, will be seen. The 
wax is then to be bent till the image of the flame assumes an 
upright position and coincides with the perpendicular cross-hair, 
and the same is to be done with the other face. It is not neces- 
sary that the two-inch lens should be supported otherwise than 
by the hand, the cross-hairs not being attached to it; their posi- 
tion in relation to the image of the flame does not change with 
the motion of the hand. ‘This is very convenient, enabling the 
observer to view at pleasure and without loss of time the face of 
the crystal or the reflected image of the flame. A little rod of 
wood ,'; of an inch in diameter is to be supported in a horizontal 
position between the flame and the crystal: it answers the pur- 
pose of the “ window bar” in the ordinary form of the experi- 
ment. 

The crystal can thus be turned on the 1. 
axis of the instrument till by viewing the 
image of the flame through the two-inch 
lens, the bar and horizontal cross-hair are 
seen to coincide, &c., the farther manipula- 
tion being the same as in the common mode 
of using the reflective goniometer. This 
method in practice will be found easy, and it 
is evident that any desirable amount of ac- 
curacy can be attained. Sometimes it may 
be found better not to remove the condenser ; 
it then should be brought somewhat nearer 
the’ crystal than the distance of its focus 
when the image of the flame will be seen as 
before : in this case the wax should be pre- 
viously blackened. 

(b.) When the faces are smaller than ;4, — 
of an inch, the crystal is attached to the 
pointed extremity of the wax as before, it is to be viewed 
by the fixed lens and the line of intersection of the two faces 
made to coincide as nearly as possible with the axis of the 
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instrument. 'To measure the angle the condenser is removed 
and the crystal is to be turned on the axis of the instrument 
till one of the faces is seen by the fixed lens brightly illamin- 
ated: it is then to be turned till the bright reflexion is just 
gone: 0 on the vernier is then made to coincide with 180° on 
the circle: the crystal is now to be turned till the second face 
brightly reflects the light, and the reflexion just disappears, when 
the angle is to be read off. If the crystal be viewed in both cases 
at the moment of the disappearance of the light through the same 
portion of the lens, as for example the upper, the error will not 
be greater than 5’ or 6’. It is evident that by this method ap- 
proximate measurements can be obtained on crystals whose faces 
are large enough to be seen, when brightly illuminated, by an 
inch or 4-inch achromatic lens. 

(c.) For crystals whose faces are smaller than the above, a 
small compound micrescope is to be substituted for the single 
lens: the centering can be more perfectly accomplished, for the 
edge of intersection can be made to coincide with a hair line in 
the focus of the eye-lens, and the greater lengthening and short- 
ening of the projection of the edge of intersection furnishes a 
means of knowing when the adjustment is effected. 

When the crystals are exceedingly small and numerous, the 
point of the wax is to be dipped into them, some particular crys- 
tal selected under the microscope and the others dissected away 
with the aid of a fine needle. Itis plain that these three modes 
of measuring microscopic crystals are adapted to the ordinary re- 
flective goniometer. 

Index of refraction.—If a brass tube of about 4-inch in diam- 
eter be taken and to one end of it be attached the posterior lens 
of the inch objective, to the other, in a sliding tube, an achro- 
matic lens of 4 or 4-inch focal length selected from some of the 
combinations, a little telescope of low power will be formed which 
can be used in measuring the index of refraction of such sub- 
stances as can be ground into prisms. For this purpose it is to 
be firmly attached to the brass plate above referred to, in such a 
way that the object-glass of the telescope shall mot project be- 
yond the axis of the compound body, or the center of the goni- 
ometer circle. A cross-wire, or better, a divided slip of glass is 
placed in the focus of the eye-lens; a small round plate capable 
of turning on its axis is brought before the object-glass of the 
telescope and adjusted so that its axis shall coincide with the axis 
of the compound body. 

It is easy to ascertain with accuracy by previous observations 
the value in minutes and seconds of the spaces on the divided 
glass slip. For measuring the index of refraction the telescope is 
first pointed at the slit from which the light is received, 0 on the 
circle made to coincide with 0 on the vernier, the prism is bronght 
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before the object-glass, and the telescope and prism turned and 
adjusted till the minimum deviation is reached when the angle 
for any particular colored ray is read off, and the refraction calcu- 
lated by the formula, 
sin4a 

having previously ascertained the value of a by the method al- 
luded to in the first part of this article. The dispersion is meas- 
ured at the same time, more particularly with the aid of the di- 
vided slip. 

Such an arrangement costs but little, is convenient, and its ac- 
curacy can be depended on as far as three places of decimals. 

Herschel in his treatise on light proposes a certain method of 
ascertaining the polarizing angle, of opaque substances having at 
least one polished face, of set gems and of substances too small 
to be formed into prisms; and thence, their index of refraction. 
This method was found in practice to be very uncertain and diffi- 
cult: the following modification gave better results. A little 
piece of apparatus is to be constructed, consist- 
ing of a mirror, M, set as seen in fig. 2, and ca- 
pable of being firmly attached to the plate fitting Ga 


_ sin} (a+d) 


in the end of the compound body : it is to be ad- ‘ 
justed so that the axis of the compound body _ , 

shall lie in its plane. The substance under ex- 
amination, 8, is attached by wax in the position 
seen in the figure, and its polished face brought 
into a position parallel to the face of the mirror : 
this is effected by making the reflected image of a 
distant object as seen by the mirror, coincide 
with the unreflected image of another distant object, and then 
bringing the face of the substance under examination into sucha 
position that a similar coincidence is observed. A candle is then 
placed on a level with the mirror, at about three feet distance, 
and its face turned till it is perpendicular to a line drawn from 
the flame to its center. ‘This is effected by placing the eye be- 
hind the flame and turning the mirror on its axis till the reflected 
image is seen to coincide with the flame: the error in this mode 
of adjustment is far within the necessary error of observation. A 
Nicol’s prism is then supported between the candle and the instru- 
ment. The flame of the candle as seen by light coming through 
the Nicol’s prism and reflected by the face under examination, is 
then observed, any necessary adjustment of the Nicol’s prism is 
made and the substance revolved till its polished face ceases to re- 
flect the polarized beam, when the angle is read off. Any deviation 
in the apparent direction of the flame caused by the Nicol’s prism 
can be ascertained beforehand with accuracy and applied as con- 
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stant error. By this mode the following approximate results were 

obtained for fluor spar, alum and crown glass: 
Fluor spar, - - 1-419 1-434 
Alum, - 1-457 
Crown glass, - - 1490 

If the microscope is furnished with a pair of Nicols’ prisms or 
tourmalines, but little management is required to arrange its parts 
so that it will answer as a polariscope for large objects, and for 
viewing the rings around the axes of crystals: it also furnishes 
a good extemporaneous apparatus for examining the circular po- 
larization of liquids: the necessary arrangements and additions 
will readily suggest themselves. Also by means of the grad- 
uated circle the inclinations of the axes of biaxial crystals can 
be measured. 

The inclination of the ordinary to the extraordinary ray when 
the light falls perpendicularly on two parallel faces of the crystal 
and thus at certain inclinations to the optical axis, can with the 
microscope be readily determined even for very small crystals. 

For this purpose a piece of tin-foil is firmly pasted on a glass 
plate and afterwards with the point of a knife a fine slit is made 
across it: the crystal is laid over this slit and viewed by perpen- 
dicularly transmitted light and a power of from 50 to 200 diam- 
eters, and the distance apart of the two images of the slit, or the 
tangent of the angle of their inclination measured with the eye- 
piece micrometer. ‘The crystal is then turned on its edge and its 
thickness measured in the same way. If ¢ = the thickness, and 


as given in 
optical tables. 


d the distance of the two rays apart, we have a tang. of an- 


gle of inclination. 

There is made in Munich by A. Greiner, a thermometer in 
which the degrees, (centigrade, ) are divided into tenths: if one 
of these instruments be attached to the stage of the microscope 
and the termination of the mercury column be viewed by a power 
of from 50 to 100 diameters, it will be seen to end in a sharply 
defined straight line which can be made to coincide accurately 
with the divisions of the eye-piece micrometer. ‘This straight 
line does not curve sensibly when the column is in motion, unless 
indeed the bulb be taken directly in the hand. As it is easy to 
ascertain the values of the micrometer divisions in fractions of a 
degree, very small changes of temperature can be accurately 
measured : indeed with such an arrangement it is seen that the 
thermometer is almost never at rest. With a l-inch objective, 
13-inch eye-piece, and a finely divided micrometor, as small a va- 
riation as ;,'55 of a degree can be measured. 


Munich, Oct. Ist, 1855. 


= 
3 
i 
7 
{ 
( 
! 
} 


112 On the Distribution of Rain in the Temperate Zone. 


Arr. XVIL.—On the Distribution of Rain in the Temperate 
Zone ; by H. W. Dove. 


Continued from page 397. 


Ir is now clear that if the Trade Wind has unchanging limits, 
all places within its range are either continually within it, or about 
its inner limits, or lying just beyond these limits. The first 
would be rainless ; while over the second and third, for the whole 
year through, there would be rains. If the characteristic of the 
Subtropical zone is the change from a rainless season at the time 
of the sun’s highest ascension, to a heavy fall of water at its low- 
est, there will be no Subtropical zone on the outer limits of the 
constant Trade Wind. If in America there is any approach to 
such unchangeableness, the consequences stated will gradually 
be proved. 

On this account I have long been anxious to ascertain the dis- 
tribution of rain in the parts of Asia and America on the extreme 
limits of the Tropics, where the conditions of wind currents and 
barometric heights are very different from those in Europe. Since 
however the quantity of rain, taking only a few years together, 
would seem to vary much, I have been compelled to wait until 
the observations covered a longer period. Except a few stations 
taken from that excellent work, “ Drake’s Systematic Treatise, 
Historical, Ethnological, and Practical, on the priucipal Diseases 
of the interior valley of North America, as they appear in the 
Caucasian, African, Indian and Esquimaux varieties of its popu- 
lation : Cincinnati, 1850,” I have had to collect the whole mate- 
rial and make all the calculations; and this too I have also had 
to do for the observations in Northern Asia. 

Going from the south point of Florida, Key West and India 
Key, first, westwardly to the North coast of the Gulf of Mexico 
to the mouth of the Mississippi, past New Orleans, Natches, 
Vicksburg, to St. Louis, and past Fort Crawford to the Falls of 
St. Anthony on the parallel of 45°, near Fort Snelling, then to 
the west coast of the interior valley by Forts Jessup, Towson, 
Smith, Gibson, Leavenworth, to the north, there is nowhere any 
trace of the conditions required by a Subtropic. Only on the 
lower Florida Keys there falls in winter somewhat more rain 
than in summer; but from the north coast of the Gulf of Mex- 
ico on, fully nine degrees more to the south than Algiers, this is 
nowhere the case. 

The quantity of rain in the observations of a few years, is so 
irregularly divided, that we must wait for a longer series of ob- 
servations, to deduce safely any rules. Only this much is estab- 
lished, that on going to the north, the quantity of rain falling in 
winter diminishes at the expense of the summer, since it is known 
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what excessively cold winters there are even in these parts of 
America, (very different as | have shown from Europe in this,) 
and that the direction of the wind here is more vortherly in win- 
ter than in summer, while in Europe the reverse takes place. 
On that account the excessive quantity of 64” of rain in Mobile 
falls at Fort Snelling to 24”. 

If we go along the east coast upward from Savannah, past 
Charleston, Washington, Baltimore, Philadelphia, Boston, to 
Houlton, from lat. 32 up to lat. 46, the more extended the ob- 
servations, so much the more decidedly marked is the maximum 
in summer, while there is also a less diminution of the annual 
quantity than in the interior, namely a mean between 35” and 
45”. Ona third line falling between the two just indicated, pas- 
sing from Hauteville over Nashville, Louisville, St. Louis, Cincin- 
nati, Marietta, to Wisconsin, the same thing is found, the observa- 
lions at these stations covering several years. 

I have especially labored over the observations in the State of 
New York, with the hope that from the great number of stations 
and the frequency of the observations, the influence of locality 
would be very clearly discernible. In the accompanying tables, 
I begin with stations lying on the sea, Kast Hampton, Jamaica 
and Flatbush on Long Island, and I continue on from New York 
in the valley of the Hudson beyond Albany to the shores of the 
Mohawk over the chains of the Alleghanies to the shores of the 
Si. Lawrence and Lake Ontario, by Mexico to Potsdam and 
Deihi, then along the south shore of the Ontario to lake Erie, 
where the chief stations are Oxford, Cazenovia, Pompey, Auburn, 
Rochester, Middlebury aud Fredonia. Here there is this pecul- 
jarity, that in the vicinity of the great fresh water lakes the au- 
tumn rains are somewhat stronger than the summer rains. It is 
so at least in Toronto (Canada, ) in Fredonia, Springville, Milville, 
Rochester, Lowville aud Mexico. ‘This somewhat greater quan- 
tity appears to extend only over a limited space, and on the 
heights of the lakes even to have no effect, for both Ontario and 
Erie reach their greatest heights iu June. 

In no part of the earth does the physiognomy of the land 
change so quickly as in the New World. Richly cultivated fields 
surround crowded cities, where a few years befgre hardly a hu- 
man sound disturbed the quiet of the forest. At the same spot 
where to-day a solitary fort is the first point of permanent settle- 
ment, perhaps in a year the lively bustle of a village population 
will be at work. In this way the great forests are first attacked by 
cultivation, which spreads so widely that finally the forests are 
diminished to single clumps. Can this be done without influ- 
encing the distribution of rain? If this question can be answered 
any where in the ‘l'emperate zone, it is in America. Does the soil 
of Virginia, exhausted by tobacco crops, condense as much water 
Seconv Scuiss, Vol. XXI, No. 61.—Jan., 1856. 15 
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vapor into rain as it did when covered with forests? We do not 
know: but are not the new States supplying many opportunities 
of answering this question? For the Tropics, we well know the 
extensive influence of that desolating system, called land cultiva- 
tion. The Cape Verde Islands and the Canaries, when the pri- 
meval forests fell before the axe of European settlers, or were 
burnt as on the Azores, became more and more like bare rocks; 
for with the destruction of the woods which clothed them and 
shaded their soil, those rains that fed the earth either disappeared 
or very much diminished. From similar causes, as Boussing- 
ault explains, in South America, the springs in the neighborhood 
of colonies of rapid growth gradually dry up. But as the long 
contests which followed the liberation of the colonies from Spain, 
frightened away colonists, the forests won back the ground that 
they had before lost, and since that time, the old weaith of wa- 
ters is returned, and just in proportion, the rains have again be- 
come frequent. 

The natural inference from all this is, that with increased cul- 
tivation of the country, when all material for combustion has to 
be sought under the earth, the continually increasivg population 
of the earth, in its effort to maintain itself, will plant in nature the 
germ of a period of death, when vapors should no more condense 
into clouds over the treeless earth, and even the seed in the soil re- 
freshed only by dew would lose its power of budding, or if it should 
shoot up, would slowly wither and die. But the world as well as 
the whole universe is so ruled as to bear within itself both a princi- 
ple of destruction and of preservation: it is thus—in the petty earth 
which we inhabit. No matter what changes may alter or affect 
the onter surface of the earth, the permanent remains permanent, 
the changeable changeable; for what in proportion to the great 
features of sea and land are the trifling changes of drained lakes 
and dried up ponds? If the sun stands over the southern hemi- 
sphere with its broad waters, there will then be a greater extent 
touched by the warmth thus created, than if it beam in northerly 
limits over a broad solid surface. The vapors with which the at- 
mosphere becomes charged in excess between the autumn and 
the spring equinoxes in the southern hemisphere, return in the 
other half year,back to the earth in the shape of snow and rain, 
and in excess over the northern hemisphere. If however, under 
the hand of man local differences of ground gradually disappear, 
then this quantity of rain will diminish, but according to regular 
rules of universal application ; from a more equal, or rather an 
irregular distribution of the quantity of rain, there will certainly 
result the extreme dry and wet seasons, just as has been observed 
in the valley of the Rhine, owing to the decrease of the forests 
since the French Revolution, where within the last ten years 
especially, sudden floods have risen to heights never before 
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known. Our river banks are not calculated for such differences 
of level, and it is ruinous if a river like the Oder, which regu- 
larly proves the English saying, that a river is only a contrivance 
to build a canal in, suddenly sets up the Nile for an example, 

If an improved cultivation of the country has the effect of 


‘altering the fall of rain at certain epochs subject to the universal 


influences of the atmosphere, then the longer cultivated Europe, 
when compared with America, must show, under like conditions, 
greater conformity to rules in the distribution of rain than in 
America, and this is in fact the case. ‘The rain-curves exhibiting 
tolerable accordance in the course of a few years, require in Amer- 
ica a longer circle of observations, because single annual terms of- 
ten differ very strikingly. It is not impossible that the coasts of 
the Mediterranean deprived of the woody covering, over their 
mountains, show more clearly than formerly the contrast of their 
wet and dry seasons, and that in ten years of European occupa- 
tion in Algiers more than one rainy day has been added to July. 

If the destruction of forests and the cultivation of the soil les- 
sen the causes which affect the change of atmospheric vapor into 
rain, then is it clear that if we compare with one another two 
places differing very much in reference to the cultivation of the 
soil, in which however the quantity of rain is the same, that place 
which retains most of its natural peculiarities will be relatively 
drier, at least in the lower layers of the atmosphere, since there 
the temperature of the air must be a good deal nearer to the con- 
densation point of vapor than in the other. ‘To this greater dry- 
ness of the air, Desor, has given particular attention in an Essay 
“Du Climat des Etats Unis et de ses effets sur les habitudes et les 
meurs.” The quick drying of their wash affords an agreeable 
astonishment to all emigrating German housekeepers, while, to 
their despair, the bread so soon gets stale that they finally fall into 
the fashion of native Americans, and bake at least every other 
day; but fruit and greens are kept in their cellars much longer. 
In winter, in spite of the bitter cold, they miss the characteristic 
ice-flowers on the windows; the garden-path requires much more 
careful construction, and the lady’s Vienna piano soon gets out 
of tune, owing to this very dryness. When in Boston, in a freshly 
plastered room, a collection of mammals and birds were put up 
Without any method of drying, and M. Desor expressed his aston- 
ishment, the superintendent answered: ‘vous oubliez que nous 
sommes dans la nouvelle Angleterre et non pas en Europe.’ 

In the latitrde of Edinburgh, in Sitka, beyond the Rocky 
monntains, 90” of rain are known to fall. This is the only point 
Within my reach on the Pacific Ocean, but it shows that the 
Equatorial currents changed by the motion of the earth to a south- 
easterly direction, there lose their vapor, ahd that the nearness of 
the sea cannot supply on the east coast that which the south- 
erly origin of these west winds secures to the west coast. 
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In place of a sudden diminution in the quantity of rain like that 
on this side the Rocky mountains of America, there is only a grad- 
ual change in the old Continent, where the steep ranges do not 
come quite down to the west coast. To the rain-torreuts which 
pour down along the foot of the Sierra d’Estrella and made the | 
siege of Coimbra under Don Miguel so tedions, there had been a 
parallel only in Norway where the mountains run down so sharp 
to the westward that the sea fills the transverse valleys, making 
them fiords, until lately the occurrence of that unheard of fail 
of rain which swept down in the neighborhood of the Cum- 
berland Lakes and excited such universal wonderment in Eng- 
land. ‘They kuew of course, that, as the captains in the North 
Sea ask one another if it rains in the mountains, soa traveller on 
the west coast of England enquired impatiently “if it always 
rained there,” and got the quieting answer, “no, it sometimes 
snows ;’—but no one supposed that in Langdall there fell 123 
inches of rain, in Gatesgarth 136, in Scathwaite 142. In Ireland, 
this diminution of the quantity of rain on the west coast comes more 
gradually ; but here too, there is, as Lloyd has shown, a peculiar- 
ity depending on the position of the nountains with refereuce to 
the point where the observations are made: a range of mountains 
to the northeast having great influence, but little if to the south- 
west. Hence it is that we find in Cahirciveen 59 ’-4, and in Port- 
arlington only 21”; for the former lies, like West Point with 
45”-9, and Castletownsend with 42:5, on the SW side of high 
mountains, on the other side of which are Portarlington on the 
Slievebloom, just as Kellongh with 232 on the NE of the 
Mourne Mts., although all these stations are right on the edge of 
the sea. This diminution is seen clearly in Prussia; for the 30” 
of Cleve become 25” in Cologne, Bonn, Aachen (Aix la Chap- 
elle), and Trier, 22” in Berlin, 19’ in Posen. The Riesengebrige 
of Silesia makes a dividing wall, which gives on the south side 
heavy showers, on the north side generally only inconsiderable 
rains. Thus the insignificant quantity of 14” in Prague becomes 
33” in Hohenelb, and diminishes in Neisse to 16. Still more 
remarkable is this fall in Russia; for the 17 English inches in 
Petersburg, Bohoslowsk and Slatoust, become 15 in Catharine- 
burg and IL in Barnaoul. Ajansk on the Sea of Ochotsk, with 
35”, shows that here too the increase landward is conditional, 
since the moving air of the continent here make east winds; for 
of these 35”, 30 come in summer and aninumn; Pekin shows the 
influence of the monsoons, since of its 27”, 20 come in the three 
summer months. 

The time of the maximum amount of rain as well as the small 
annual diminution of atmospheric pressure in the south, extends 
through Central Asia into Hindostan. There is just as litle 
trace of a Snhtropic zone here as in America. [n Redutkale on 
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the southern slope of the Caucasus, there fall 58” of rain, in 
Kutais 50”, in Tiflis only 19” for high chains of mountains lie 
SW of it. The significant quantity of 43” in Lenkoran, whose 
distribution recalls the Subtropical rains, diminishes on the other 
side of the chief range of the Caucasus in Baku to 13:4, in Der- 
bent to 15-7, a proof that the source of that fall is not to be 
sought in the Caspian Sea which washes these places, but lies off 
tothe SW. The inconsiderable amount of rain appears to show 
that the masses of air over Africa are unaccompanied by heavy 
vapors; hence from Africa to the interior of Asia in the direction 
of SW to NE, there lies a waste tract, in which the evapora- 
tion exceeds the fall of rain ; consequently, the level of the inte- 
rior waters, as in the Dead Sea, the Caspian and Aral, is below 
the level of the Ocean, and just in proportion as they are nearer 
to the Equator; while on the southern slope of the Andes and 
Appenines the Sirocco betrays, through powerful rains, its cradle, 
which lies, as I have long since demonstrated, not in Africa, but 
in the Sea of the West Indies. 

Why in England the autumn rains are so much more import- 
ant than the summer rains, a subject which has attracted Dal- 
ton’s attention, will not be fully ascertained until for many years, 
such registering instruments as those of Osler at the Liverpool 
Obsevatory, have been in general use for ascertaining all the phe- 
nomena accompanying each shower, and especially the direction 
and intensity of the wind. 

The distribution of rain in annual periods is very different in 
different neighborhoods; it may become the same however, after 
a time in different localities, and from very different causes. Un- 
less attention be paid to all these causes the graphic exhibition of 
the results may make the explanation more difficult, instead of 
simplifying or elucidating the subject. [We omit the tables, 
which follow, referring to the original paper in Poggendorff’s An- 
nalen, for January, 1855, vol. xciv, p. 58.] 


Art. XVII.—Correspondence of M. Jerome Nicklés, dated Paris, 
Oct. 30, 1855. 


Death of M. Magendie.—At the opening of one of the recent ses- 
sions of the Academy of Seiences, the President announced the death 
of Dr. Magendie, afier a long and painful sickness. In another com- 
munication I propose to give a biographical sketch of this savant, 
whose labors have done so much for the progress of experimental 
physiology. 

M. Braconnot—The decease of M. Braconnot was noticed in the 
May number of this Journal, and | now add a brief memoir of this 
chemist, as then promised. 
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Henry Braconnot was born on the 29th of May, 1750, at Commer. 
cy, Department of the Meuse. His father, a lawyer, died seven years 
afier, leaving two sons, of whom Henry was the older. His property 
was not large, but was stil! sufficient to give his two children, who 
were bright and active, a good education. At that time, the education 
of children was wholly in the hands of the clergy who recognised no 
punishment excepting corporeal inflictions. Braconnot was placed in 
a college of Benedictines, and brought little honor to his teachers. 
The slightest misdemeanor was met with a blow of the ferule—a mode 
of correction calculated to exasperate rather than improve, and espe- 
cially injurious to this rather impetuous child. He grew more and more 
ungovernable, and finally stood in open revolt against his reverend op- 
pressors ; uniting with one of his companions equally spirited, and 
having like him a feeling of a man, he became the terror of his gov- 
ernors. His mother in despair, took him from the Benedictine col- 
lege and entrusted him to a village schoolmaster noted for his severity ; 
but the pedagogue succeeded no better than the Benedictines; he sent 
young Henry home, presaging for him a dark future. 

Meeting with the Benedictines, at this time, they expressed the same 
opinion of his comrade. But they were mistaken in both. We know 
what Braconnot was; his companion in frolic became afterwards Dr. 
Marjolin, formerly Professor at the Faculty of Medicine at Paris, and 
one of the first physicians of the modern school. 

Young Braconnot now engaged earnestly in chemical studies. He 
spent four years at Strasburg. He then returned to Paris to perfect 
his education, where he attended the courses of Fourcroy, Geoffroy 
St. Hilaire, Desfontaines in Botany, and Faujas de St. Fond in Geology. 
He was noted for his zeal, carried off prizes, and published his first 
work entitled * Analysis of a fossil horn found in an ancient cave.” 
This memoir was soon followed by another “ on the assimilating force 
in plants,” which was published in the Annales de Chimie et de Phys- 
ique. It attracted the attention of Fourcroy, then of great influence, 
who secured for him the directorship of the Botanical Garden of Nancy 
(1807). The death of his father-in-law now left to his mother a large 
fortune which ultimately came to Braconnot; his mother living until 
her death at Nancy. 

From this time his memoirs succeeded one another without interrup- 
tion. In his analyses, he discovered successively pectine, populine, 
equisetic acid, ellagic acid, and pyrogallic acid. In 1820 he suddenly 
changed his line of investigation, and took up the products of the de- 
composition of ligneous fibre by acids, discovering xyloidine, leucine, 
sugar of gelatine, and the transformation of wood into sugar—this last 
a work of the very highest merit. 

Braconnot in mature years was the reverse of what he was in youth; 
modest and mild even to extraordinary timidity, he was understood by 
only a few friends. His townsmen thought him of contracted mind, 
and one day were surprised to learn that he was a Member of the Insti- 
tute. But alongside of his timidity, there were decided opinions. Pro- 
foundly sceptical, he believed nothing and doubted especially medicine. 
Always at war with the doctors, he would have none of their advice 
when ill. He thought that nature could do everything, and he died 
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with great suffering from a cancer in the stomach, unwilling to the last 
to take council from the doctors or his friends. 

Bayle, Diderot, Voltaire, were his favorite authors. His tastes and 
habits were of extreme simplicity ; he lived on little and had no diver- 
sion but the theatre and the promenade. He saw his mother unfortu- 
nately married, and he suffered much from his father-in-law who was a 
physician ; and this may have occasioned his celibacy, and his hatred 
of medicine. 

Like Scheele, he made his researches with very restricted means. He 
had one good thing in his laboratory—his reagents, which he prepared 
himself, of extreme purity. But he was unwilling to admit any one 
into his laboratory. Arago on a visit to him asked the favor in vain. 
He was ofien at Paris, and took part in the sessions of the Institute, 
but not at their banquets open to the public. His timidity even hin- 
dered him from visiting chemists, being contented with seeing them 
at a distance. 

Heat produced through the action of the magnet on bodies in motion. 
—The gyroscope of Foucault, described in a former volume of this 
Journal, is far from having said its last word. The author has just es- 
tablished by means of it, the recent views as to the relation between 
mechanical force and heat. M. Babinet announced the results to the 
Academy on the 17th of September last with a vivacity and enthusi- 
asm quite indescribable, and which was shared by his auditors. 

Foucau!t placed between the poles of a strong eiectro-magnet the 
solid of revolution belonging to the gyroscope. ‘This solid is a torus 
of bronze connected with a toothed pinion of a motive wheel, which 
has a handle and is made by the hand to make 150 to 200 turns per 
second. To render the action of the magnet more effective, two 
pieces of soft iron are added to the bobbins, prolonging the magnetic 
poles and thus concentrating them close to the revolving body. 

When the apparatus is moving at ils greatest velocity, a current from 
six Bunsen’s couples passed through the electro-magnet stops the mo- 
tion in some seconds, as if an invisible rein had been thrown around 
it. This is the experiment of Arago developed by Faraday. But if 
now force is applied to the handle in order to restore the motion, the 
resistance compels the use of a certain amount of power, which is 
represented in heat in the interior of the turning body. By means of 

a thermometer, the progressive elevation of temperature was noted. 
Taking the apparatus, for example, at the surrounding temperature 16° 
C., Foucault found the mercury rise to 20°, 25°, 30°, 40°, when heat 
was quite sensible to the hand. 

Foucault thinks he may easily construct an instrument which will 
exhibit on a large scale this phenomenon. By means of a machine 
easily made consisting only of permanent magnets, we may produce 
an elevated temperature and exhibit to a public assembly this curious 
example of the conversion of labor into heat. 

On the neutral combinations of saccharine substances with the acids, 
—At the same session of the Academy,a research by M. Berthelot 
excited equal attention. We have spoken of Berthelot’s reproducing 
synthetically the existing fatty bodies; he now prepares a multitude of 
new bodies by combining with acids certain organic substances analo- 
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gous to glycerine, such as mannife; Dulcose C'2H'4O??, a peculiar 
sugar found by Laurent in a Madagascar product; Quercite C12H}? 
O}°, discovered by Braconnot in acorns, though confuunded by him 
with lactine and afierwards proved to be a distinct principle by Des- 
saignes; Pinite,C'2H'20!°; cane su- 
gur and glucose. 
When these different substances are put into a closed tube contain- 
ing the acid with which it is proposed to combine them, and sufficient 
heat is applied, the combination usually takes place ; and on opening 
the tube, after cooling, it is only necessary to remove by appropriate 
solvents the new substance from the material about it. ‘Thus mannite, 
quercite, and the other substances meutioned have been obtained com- 
bined with acetic, butyric, stearic, oleic, palmitic, benzoic acids. 
Chevreul in presenting this memoir, which he did with animation, 
equal to that of M. Babinet for the memoir of Foucault, said: * ‘Thirty 
years since I foresaw that most of the neutral futty bodies could result 
from a combination of glycerine with a fatty acid. ‘To demonstrate 
this law, rigorous quantitative analyses were necessary, which I| then 
thought impossible. Since then Science has moved on, and the proba- 
ble has become the ascertained composition. But Berthelot has gone 
further. By the reaction of pure acids on glycerine also pure, he has 
succeeded in forming with precision many neutral fatty bodies—not only 
those before known, but others which had not been isolated. Glyce- 
rine, as is well known, has a sweet taste; and it was hence natural to 
enquire whether the other saccharine substances could be united, by 
synthesis, to those same acids. ‘This is the object of Berthelot’s recent 
investigations, which have been so eminently successful. 
Observations on Cholera.—The subject of the cholera still continues 
to occupy the Academy. The developments as to its causes and cure 
have not yet been deemed sufficient to call for the 100,000 francs 
offered by the chemist Bréant: sii!l some interesting resulis have come 
out, the influence of climatal conditions favoring or combating the dis- 
ease have been shown in statistical researches. ‘The statement is also 
noted that from the time of a great fire at Varna, the cholera, which 
had been very fatal, begun immediately to diminish and the sick were 
in rapid convalescence. Dr. Burg has deduced from his researches 
that persons working in copper and brass escape this pestilence, even 
when living in infected districts. In 1832, when the cholera was pre- 
vailing at Paris, the tanners and leather-dressers escaped it almost en- 
tirely, although occupying the worst paris of the city. Dr. Hubertz,a 
Danish physician, has made similar observations at Copenhagen. 
He says, “ persons employed in emptying privies, even those used 
by cholera patients, were not attacked by cholera. The same was true 
of men employed in drying fish, in making cat-gut, and other employ- 
ments regarded as unhealthy because of the putrid emanations attend- 
ing the work. Even those employed carrying the dead and digging 
graves were completely spared. 
New process of manufacturing soda and sulphuric acid.—In place 
of a dull and imperfect review of the ** Universal Exposition,” it seems 
better to describe a new process, vet unpublished, which promises to 
change one of the most important industries of the age. 
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Notwithstanding the improvements in the manufacture of artificial 
soda, Leblanc’s process is still continued in practice with few changes, 
furnishing hence very large residues of oxysulphuret of calcium and 
preventing the sulphur of the sulphuric acid from serving several times. 

This is owing to the great degree of perfection to which the manu- 
facture of sulphuric acid is now carried; the very perfect condensa- 
tion of the hydrochloric acid and its applications; the low price of 
the tnaterials used, the lime and combustibles, and the simplicity of the 
apparatus required for transforming the sulphate of soda into the car- 
bonaie ; and finally the fact that the manufacture of sulphuric acid in 
connection wiih that of artificial soda, constitules a complete and sym- 
metrical work in which nearly all the products are utilized. Improve- 
ments that have been proposed have not been adopted, either because 
they derange this symmetry of operations, or else because of the cost 
of introducing them, or they are adapted only to certain circumstances 
or lucalities. ‘The process now brought forward escapes these objec- 
tions. It is by M. Emile Kopp, formerly Professor in the School of 
Pharmacy of Strasburg, and has already been put into practice ina 
manufactory in Lancashire, England, at Church near Manchester. 

‘The process consisis in decomposing sulphate of soda by a mixture 
of oxyd of iron and carbon, and treating the product of the reaction in 
the way described below. ‘The proportions employed are as follows: 

Sulphate of Soda (SO?NaQ), 125 kilograms. 
Peroxyd of Iron (Fe?0*) 80 “ 
Carbon, 55 

The su!phate of soda may without inconvenience contain some com- 
mon salt; but then the oxyd of iron and carbon should be proportioned 
only to the pure and drv sulphate of soda present in the crude material. 
A furnace for calcination is used, taking care to break up the larger 
lumps. The oxyd of iron should be weighed dry and in a fine pow- 
der, and should be as pure as possible. 

For the first operation, instead of the artificial or native peroxyd of 
iron, the carbonate (spathic iron) may be employed, or the magnetic 
oxyd, or even iron filings. But in the case of the last, the quantity of 
carbon should be diminished, since metallic iron acts as a reducer of 
the sulphate of soda. It will be soon seen, that whatever the com- 
pound of iron used, there will be shortly only the peroxyd, and this is 
regenerated constantly in the operation. 

The mixture of sulphate of soda and oxyd of iron which is obtained 
asa residue in the process of decomposing common sult by the sul- 
phate of iron, is readily adapted to Kopp’s process, since, if the pro- 
portions are correctly taken, it is only necessary to add the requisite 
quantity of carbon. This carbon may be coke, or any other organic 
reducing substance ; but the quantity will vary with its reducing prop- 
eriies. In England they use ordinary coal, 

The amount of oxyd of iron must be such as will combine with all 
the sulphur of the sulphate of soda to form SFe, For 9 of the pure 
and dry sulphate, not less than 5 parts of the pure and dry oxyd of 
iron are required ; a small excess of oxyd of iron is advantageous. If 
the oxyd contains lime it should be removed by treating with hydro- 
Seconp Series, Vol. XXI, No. 61.—Jan., 1856. 16 
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chloric acid and washing; for the lime would give rise to CaS, then 
CaO SO, and thea‘again CaS, increasing unnecessarily the volume of 
materiai under manipulation, and causing a loss of carbon and heat. 
The carbon should not be in excess, as it favors the formation of sul- 
phuret of sodium, and because also of this excess remaining with the 
sulphuret of iron, will afterwards afford, in the roasting of the latter, 
some Sulphurous acid mixed with the carbonic acid. ‘The proportion 
of carbon should hence be diminished until there is a minute propor- 
tion of the sulphate of soda left undecomposed in the blocks of crude 
ferruginous soda. 

The quantity of the mixture that may be put into the calcining fur- 
nace at one time will depend of course on its size: but the amount 
may be full twice as large as in the Leblanc process, since the ferrugi- 
nous soda works more easily than the ordinary soda. 

For calcination, the furnace may be similar to that for the calcareous 
soda: but to economise heat, there had better be two or three stories, 
the lowest nearest the fire. The furnace then holds three charges at 
once, which are moved downward in succession, another being added 
above when one is taken out below. 

The treatment in the furnace is like that for the crude calcareous 
soda, and the phenomena are nearly the same. The whole softens, be- 
coming pasty, and the fluid as the action goes on disengages a yellow 
flame ; then the action, which has been very bright, diminishes as the 
flames become less abundant, and when the mass is homogeneous, it 
is finished. [tis then removed immediately from the furnace, being 
run while still red into a waggon on wheels in which it cools and solid- 
ifies} having been partially covered for security from contact with the 
air. When cold, it is a block in the form of a parallelopiped, blackish 
in color and more or less porous, very hard and of considerable den- 
sity. The surfuce has a coppery reflection. In fracture, it has a uni- 
form aspect, a crystalline texture, and a greenish and brilliant metallic 
reflection. 

It now remains to treat this crude ferruginous soda, so as to draw 
off on one side the soluble carbonate of soda, and on the other the in- 
soluble sulphuret of iron. ‘The method used with the crude calcareous 
soda would give only bad results. In fact, the mass expands on the 
action of water, becomes very voluminous, difficult to wash, and affords 
a liquid containing much caustic soda and also sulphuret of sodium. 

The washing is however easy after a preparatory operation which 
M. Kopp calls “ déditation.” It is as follows.—The crude ferruginous 
soda left exposed to the air under a shed, undergoes a change, which 
is the more rapid if the air be charged with moisture and carbonic acid. 
The lustre fades, the block breaks to pieces and becomes covered with 
an abundant blackish pulverulent material ; and this goes on so rapidly 
that in a few hours it is reduced io a hillock of this powdered sub- 
stance. 

This change is due to the absorption of oxygen, water and carbonic 
acid, while heat is given out, which without care may rise even to ig- 
nition, in which case the powder has a reddish aspect, and contains sul- 
phate of soda with 10 to 15 p. c. of carbonate of iron and a little sul- 
phuret. But this high heat is prevented by removing the powder from 
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the surface as it accumulates, so as to leave the interior open to the 
air and carbonic acid. Water then separates from it carbonate of soda, 
and the residue consists principally of sulphuret of iron. 

M. Kopp aidsethe process by an artificial supply of cold and moist 
carbonic acid, as the action of the air is very slow. ‘This process, which 
he calls ** carbonation,” is as follows.—In a chamber, at a height of two 
and a half meters, a grating of cast-iron is placed, whose spaces are 
one and a half centimetres. ‘The earth is removed to about a depth 
of one meter. The roof of the chamber is about two and a half me- 
ters above the grating. The walls have numerous holes for the passage 
and circulation of the air. In the lower part, the carbonic acid is in- 
troduced. The blocks of crude ferruginous soda are placed on the 
grating, on their small face; and as they crumble, the powder falls 
below where it encounters and rapidly absorbs the carbonic acid. A 
block of 250 kil. requires as a maximum a space of a meter, and the 
process is complete in eight or ten days. Consequently a space of 20 
meters by 10, will answer for 200 blocks, which will furnish more than 
50,000 kilograms in 10 days, equivalent to 5000 kilograms a day. Ten 
metric quintals of coke, worth in England 7 to 8 francs, suffices to 
carbonate 90 to 100 quintals of dry and pure carbonate of soda. 

The material when ready for lixiviation should be pulverulent, fine, 
gray or blackish-gray in color, and without hard fragments. It is well 
to use 2 course seive to remove the stony matters present, retaining 
them to be lixiviated apart, taking care to reject the insoluble residue. 
The sifted powder forms with water a lye which is clear in five to ten 
minutes, holding a heavy deposit, with often a coppery reflexion. 

The liziviation should be carried on methodically either by filtration 
or decantation, by means of warm water at 30° to 40°C. Weak so- 
lutions are used in lixiviating new portions of the powder. 

When the exterior temperature is not too high, the solutions furnish 
afier 24 to 48 hours, without concentration, an abundance of finely 
crystallized limpid carbonate of soda. By dropping in a bit of dry 
carbonate of soda, the crystallization is often hastened. 

The residue, principally sulphuret of iron, is received on a filter or 
porous surface. In this state, it alters slowly. It is dried by heat or 
pressure and made into a brick. It is so combustible that it will take 
fire below 100° C., when the drying is nearly complete. This sulphu- 
ret affords the sulphur for making sulphuric acid, in which change, the 
iron becomes peroxyd and is then ready to be used again. It is thus 
seen that a single proportion of sulphur may be utilized a large num- 
ber of times, in transforming common salt into sulphate of soda. But 
the oxyd of iron gradually becomes impregnated with the impurities of 
the common salt, the sulphate of soda and coal, and it must then be 
renewed ; yet it may be used when it contains even 40 p. c. of impu- 
rities, 

When the oxyd of iron contains sulphate of soda, it is necessary to 
change the proportions of the mixture for the crude soda. It has been 
found by experiment that the proportions most convenient are— 


Sulphate of soda, 125 kilograms. 


Peroxyd of iron, proceeding from the sulphuret, 140 “ 
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and these proportions should be preserved for the subsequent opera- 
tions, as long as the rotation of the same oxyd and same sulphuret of 
iron continues. 

The same process may be used with the oxyds of? manganese and 
zinc, but with greater difficuliies, as the * délitation” and * carbona- 
tion”’ in these cases are more complicated. 

Bibliography.— Recueil des Travaux Scientifiques de M. Esemen, 
Professeur de Docimasie a l’ecole des Mines de Paris, Administrateur 
de la Manufacture de Sévres, etc., publié par M. Salvetat. 2 vols. in 
8vo. Paris: chez Mallet-Bachelier—Ebelmen died on the 2nd of 
April, 1852, at the age of 38 years, having been born in 1814. He 
passed through the Polytechnic school and the School of Mines, and 
finally became one of the Professors in the latter. He there made his 
important researches on the gas of high furnaces, on boracic and silicic 
ethers, on artificial hvalite, etc. Appointed afierward * Administrator” 
at the manufacture of Sévres, he entered upon a fruiiful line of dis- 
covery in his researches on compounds crystallized by the dry way; 
he made artificia!ily several minerals such as spinel, chrysoberyl, chry- 
solite, corundum, Brookite, Perofskite, and also glucina. 

The process which he employed in his investigations are described 
in the work just published. His labors are presented under the heads 
of Ceramic Chemistry, Reports on Ceramic Industry, Geological re- 
searches, Metallurgical researches, Metallurgy of tron, and Heating 
of Locomotives. Some of his labors rank among the highest in the 
scientific world, especially his synthesis of minerals, in which he de- 
vised methods of making even some of the gems. His publications 
will be welcomed both by men of science and those interested in the 
industrial arts. 

Lecons de Cosmographie; par M. Faye, Membre de L’Institut. 
1] vol. in 8vo, 2de edition. Paris: chez Hachette & Co.—The first 
edition of this work has been promptly exhausted. ‘The new edition 
has been adapted to the programme on Cosmographie made out for the 
candidates at the Polytechnic school. M. Faye adds to his knowledge 
of astronomy, the talent of a distinguished writer. The chapters of 
greatest interest are those relating to the construction of geographical 
charts, in which the methods used in the chart of France are described 
with full details. Other subjects of special interest are Comets, Zo- 
diacal Light, the Milky Way, Nebalz, Solar Spots, the ‘Vides. 

Elements de Physique expérimentale et de Météorologie, par Poutt- 
Let, Membre de I’Institut. 2 vols. in 8vo, with an Atlas. Paris: chez 
Hachette & Co.—M. Pouillet was one of the most eloquent professors 
of Paris, and had the happy talent of making the most abstruse sub- 
jects clear to his audience. His work exhibits the same characteris- 
tics. The sixth edition is just issued, and the sale of it is far from 
coming to and end. 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND Puysics. 


1. On the direction of the vibrations of the ether in the case of polar- 
ized light.—Haipincer has made a communication from Stokes the 
occasiun of an interesting examination of the long mooted question 
whether the vibrations of the ether take place in the plane of polariza- 
tion or at right angles to it. The former opinion it will be remembered 
was held by Maccullagh and Neuman and at one time by Cauchy ; the 
latter is the view taken by Fresnel, Cauchy, Beer and the majority of 
physicists who have written upon the subject. Our readers will remem- 
ber that the question considered from the mathematical point of view 
amounts to this. Is the density of the ether to be considered constant 
and its elasticity variable; or is the elasticity to be considered con- 
stant and the density variable ? the former supposition leads to the con- 
clusion that the vibrations are at right angles to the plane of polarization ; 
the latter that theyare in this plane. It is only an appeal to experiment 
which can decide the question, or rather it is only this appeal which 
can throw the weight of probability upon the one side or the other. 
Haidinger supports Fresnel’s view and bases his reasoning upon the 
phenomena of pleochrvism in doubly refracting crystals. We shall 
simply translate the author’s succinct expression of his own argument. 

1. Let the object be a dichroous crystal and Jet equal thicknesses of 
its substance be investigated. 

Il. ‘The following positions are considered as demonstrated. 

a. The vibrations of the luminiferous ether are transverse. 

b. ‘To the same colors belong equal wave lengths; to different colors 
different wave lengths. 

Ill. Mode of investigation. 

(1.) Observation.—in the horizontal zone (of a uniaxial crystal) 
whose edges are parallel to the axis in all azimuths, one ray or bundle 
of rays, (an image of the dichroscopic lens or of any doubly refracting 
prism,) viz., the ordinary ray, is polarized parallel to the axis with the 
color A, and one ray or bundle of rays, the extraordinary ray, is polar- 
ized perpendicular to the axis with the color B. 

Inference.—The vibrations are either perpendicular to the plane of 
polurization or in this plane. 

Hypothesis. 


1. The vibrations are perpendic- 2. The vibrations are’ in the 
ular to the plane of polarization. plane of polarization. ; 


Consequence. 


1. The direction of the vibra- The direction of the vibrations 
tions of the ordinary ray is per- of the ordinary ray lies in its plane. 
pendicular to its plane. There are For all azimuths there is but one 
an infinite number of such direc- such direction of vibration. It is 
tions; they are perpendicular tothe in the direction of the axis. 
exis. 
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2. To one color A or wave 
length belongs an infinite number 
of directions of vibration, but in as 
many different planes of polariza- 
tion. 

3. To an infinite number of 
planes of polarization -belongs an 
infinite number of directions of 
vibration. The directions are per- 
pendicular to each plane. 

4. The direction of vibration of 
the extraordinary ray is perpendic- 
ular to its plane. There is but one 
such direction ; it is parallel to the 
axis. 


5. A color B, that is a wave 
length, is in all azimuths united to 
one direction of vibration. 

6. To one plane of polarization 
belongs one direction of vibration. 


Scientific Intelligence. 


To one color A or wave length 
belongs only ove direction of vi- 
bration. 


To an infinite number of plaaes 
of polarization belongs but one di- 
rection of vibration. 


The direction of vibration of 
the extraordinary ray lies in the 
plane of polarization. There is an 
infinite number of such directions. 
They lie in all azimuths perpendic- 
ular to the axis. 

A color B is united to an infinite 
number of directions of vibration, 
one in each azimuth. 

‘To one plane of polarization 
belongs an infinite number of di- 
rections of vibration. 


(2.) Obdservation.—In the vertical zones whose edges are perpendicu- 


lar tv the axis of the crystal, in all azimuths. 


polarized in the direction of the axis with the color A. 


The ordinary ray is 
The extraordi- 


nary ray is polarized perpendicular to the axis, and goes {fom the di- 
rection of the observation, beginning perpendicular to the axis, to the 
direction of the axis itself, passing from the color B to the color A. 
Observed in the direction of the axis the colors of both rays perpendicu- 
lar to each other are perfectly similar in a!l azimuths and possess the 
tone A. 


Consequences and Hypotheses as above. 


7. The direction of vibration of 
the ordinary ray is perpendicular 
to its plane. There is but one such 
direction for every plane. It is 
perpendicular to the axis. 


8. To one color or wave length 
belongs but one direction of vibra- 
tion. 

9. The direction of vibration of 
the extraordinary ray is perpendic- 
ular to its plane of polarization. 
There is in every principal section 
an infinite number of such direc- 
tions between 0° parallel to the 
axis and 90° perpendicular to the 
axis. 


The direction of vibration of the 
ordinary ray lies in its plane. 
There is an infinite number of such 
directions for every plane. ‘They 
include with the axis all possible 
angles from U° to 90°. 

To one color or wave length be- 
longs an infinite number of direc- 
tions of vibration. 

The direction of vibration of the 
extraordinary ray is in its plane of 
polarization. There is for every 
principal section only one such di- 
rection. It is perpendicular to the 
axis, 
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10. To the succession of colors 
or wave lengths from B to A be- 
longs an infinite number of direc- 
tions of vibration inclined from 0° 
to 90°. 
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To the whole series of colors 
from B to A belongs, notwithstand- 
ing the ditlerent wave lengihs, but 
a single direction of vibration. 


(3.) Combination of the observations and conclusions in III, 1, and III, 2. 


11. The same direction of vi- 
bration is connected with the same 
tone of color or the same wave 
length. 


12. In the direction of the axis 
we do not see the color B because 
the direction of vibration belonging 
to this color has a longitudinal po- 
sition. 

13. The constant (or limiting) 
tones of color A and B are con- 
nected with vibrations, B in the 
direction of the axis, A perpen- 
dicular to it. 

14. In the direction of the axis 
we see the color A by vibrations 
perpendicular to the axis. In a 
direction perpendicular to the axis 
we also see the same color A by 
vibrations perpendicular to the 
axis. 

15. Vibrations perpeedicular to 
the axis take place only for the 
color A. 

16. Vibrations in the direction 
of the axis take place only for the 
color B. This color is therefore 
invisib!e in the direction of the 
axis, 


17. for the color A the vibra- 
tions take place only perpendicular 
to the axis. 


18. In the mixed tones of color 
each color appears according to its 
appropriate direction of vibration, 
dependent on the cosine of the in- 
clination of the last with the usual 
ray. 


The same direction of vibration 
is connected with the same tone of 
color, only perpendicular and par- 
allel to the axis. In all other di- 
rections it is connected with all 
possible gradations of color. 

In the direction of the axis we 
do not see the color B although 
the vibrations belonging to it takes 
place in all azimuths perpendicular 
to the axis. 

The constant tones of color A 
and B are connected with vibra- 
tions, B perpendicular to the axis, 
A parallel to it, perpendicular to it, 
and making all intermediate angles 
with it. 

In the direction of the axis we 
see the color A by vibrations per- 
pendicular to the axis. In a direc- 
tion perpendicular to the axis we 
see the same color A by vibrations 
parallel to the axis. 


Vibrations perpendicular to the 
axis take place for A, B and every 
intermediate color. 

Vibrations perpendicular to the 
axis take place for the color B. 
Notwithstanding this color is invis- 
ible in the direction of the axis. 
Just such vibrations however take 
place for the color A and yet this 
color is visible in the direction of 
the axis. 

For the color A the vibration 
takes place in all azimuths perpen- 
dicular to the axis, in all azimuths 
along the axis, and in all azimuths 
of the principal section. 

Mixed colors occur without a 
change in the direction of vibra- 
tion. 
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19. The same direction of vibra- To the color A belong, when the 
tion belongs to the color A when observation is in the direction of 
the observation is in the direction the axis, vibrations perpendicular 
of the axis or perpendicular tw it. to the axis. When the observation 

is perpendicular to the axis the vi- 
brations are in the direction of the 
axis and perpendicular to all those 
of the lust case. Yet there is no 
trace of any action on the part of 
the first set. 

20. For the same direction of For the same direction of vibra- 
vibration and the same wave length tion there are diflerent colors and 
there is the same color throughout therefore different wave lengths. 
the whole crystal. 

The author concludes from this reasoning that the assumption of vi- 
brations perpendicular to the plane of polarization leads to clear, simple 
consequent and connected views of the whole subject, while the opposiie 
supposition involves obscure, overloaded and contradictory representa- 
tions. Similar arguments may be drawn from a consideration of biaxial 
or trichromatic crystals. We must however refer to the original paper 
for a fuller exposition of the authors views and argumeuts.— Pogg. 
Ann., xevi, 287, October, 1855. 

2. On the constitution of the Mellonids.—Liexic has at length re- 
newed the discussion of this interesting subject and has established by 
numerous analyses indirectly the composition of mellonhydric acid and 
of several crystalline and weil defined mellonids. Mellonhydric acid 
has the formula CisNisfls. The acid is tribasic and admits of the 
replacement of one, two, or three equivalents of hydrogen by an equal 
number of equivalents of metal. The acid is easily prepared in solu- 
tion by dissolving mellonid of mercury in dilute cyanhydric acid and 
passing a current of sulphuretted hydrogen through the solution. The 
prussic acid may then easily be rernoved by géntle heating there ;_re- 
mains a strongly acid liquid which expels carbonic acid from its salts 
with effervescence and when neutralized with potash gives crystalline 
mellonid of potassium. ‘The acid is decomposed by evaporation and 
gives a white and somewhat crystalline mass which is only partially 
soluble in cold water. 

Mellonid of potassium crystallizes in very fine silky white needles 
which are hardly to be distinguished from sulphate of chinin. — It is 
much more soluble in hot than in cold water; insoluble in alcohol. Its 
solution tastes as bitier as that of sulphate of chinin, but in doses of a 
drachm it appears to exert no marked action either upon man or ani- 
mal, Dried at 200°C., the salt has the formula Cis NisKs+10Aq 
The acid salts have the formulas CisNistleK and CisNislttKe+ 
6HO. The neutral salt fuses at a red heat without giving off a trace 
of ammonia and is decomposed at a higher temperature into cyanogen, 
nitrogen, and cyanid of potassium. 

Mellonid of silver is easily prepared by double decomposition as a 
white precipitate. Its formula is CiaNisAgz. !n conclusion the 
author shows that cyameluric acid in its dry potash salts contains no 
hydrogen and has the formula Ci2N;OsKs. ‘The decomposition of 
mellonid of potagsium by caustic potash solution is represented by the 
equation. 
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cyam. potash. ammelid. 

Ann. der Chemie und Pharmacie, xcv, 257, Sept., 1855. 

3. On fulminuric acid, a new cyanic acid.—In experimenting upon 
fulminate of mercury, Liebig remarked that this body by long boiling 
with water changes color and gradually loses its fulminating properties. 
The investigation of this change led to the discovery of the acid which 
forms the subject of the present notice and which Liebig terms ful- 
minuric acid. The new acid is formed from 3 equivalents of fulminic 
acid just as cyanuric acid is formed from 3 equivalents of cyanic acid. 
While however cyanuric acid is tribasic, fulminuric acid is unibasic. 

When freshly prepared, well washed, and still moist fulminate of 
mercury is boiled for a quarter of an hour in a glass flask with a very 
dilute solution of an alkaline chlorid, the fulminate is completely dis- 
solved. Ina short time, decomposition commences and oxyd of mercury 
separates with a bright yellow color. The clear solution is to be 
filtered and a solution of sal-ammoniac added which throws down the 
remaining mercury as white precipitate. The solution after filtration 
and concentration gives crystals of the fulminate of the alkali the 
chlorid of which was employed. The author represents the reactions 
in these cases by the two following equations. 

2HO? , HgCl? 


8CyO, tonic) t2H20. 


The formula of the acid dried at 100° is CeNsH3O0c or CoNsH20s 
+HO, the salts are CeNsH20s-+MO. 

Fulminurate of potash crystallizes in long prisms of high lustre and 
strong refractive power. It is anhydrous. ‘The fulminurates of ammo- 
nium, baryta and silver and the basic fulminurate of lead have re- 
spectively the formulas, 

CeNsH20s+AgO 
CeNsH20s+Pb0+PbO 

Fulminuric acid is easily prepared by decomposing the lead salt by 
sulphuretted hydrogen. ‘The solution has a very acid taste and can be 
evaporated without decomposition. In a warm place the acid becomes 
a solid yellowish scarcely crystalline mass. Mineral acids decompose 
the solution of fulminuric acid, giving a salt of ammonia with evolu- 
tion of carbonic acid and forming a brown (substance which was 
not examined. ‘The author did not succeed in obtaining an ether of 
fulminuric acid.—Ann. der Chemie und Pharmacie, xcv, 282. 

4. Isocyanuric acid.—Léon ScuiscuxorF has published the results 
of an investigation of the action of iodid of potassium upon fulminate 
of mercury. These results are identical with those obtained by Liebig 
as above described. From the sources of information before us we are 
unable to ascertain to whom the first discovery of the new acid is due. 
In any event, the name proposed by Liebig appears to be preferable. 
—Chemisch Pharmaceutischer Central Blatt, No 45 and 46, 1855, 
quoting Bullet, de St. Petersb. Class. phys. math., t. xiv, p. 98-112 

5. On a new and advantageous mode of preparing Aluminium.—H. 
Rose has found that Cry olite, the well known double flourid of alumin- 
Seconp Vol. XXI, No. 61.—Jan., 1856. 17 
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ium and sodium may be advantageously employed in place of chlorid of 
aluminium in the preparation of this remarkable metal. The author 
recommends small crucibles of cast iron; into these the Cryolite powder 
is pressed with thin layers of sodium ; the whole is then covered with 
a layer of chlorid of potassium and heated. The proportions used 
were 5 parts of Cryolite, 2 of sodium and five of chlorid of potassium, 
and the crucible was kept at a red heat for half an hour. ‘The fused 
mass is to be treated with water in a platinum or silver vessel ; grains of 
aluminium weighing half a gramme are thus obtained. These are to 
be cleaned and melted under a layer of fused chlorid of potassium or 
better of the double chlorid of aluminium and potassium. The largest 
yield which the author obtained was 0-8 gramme of aluminium for 10 
grammes of Cryolite instead of 1-3 gr. which the mineral contains. In 
many cases however only 0:3 gramme or less was obtained. Rose con- 
siders these results as proving at least that it will be well worth while 
to make further experiments with Cryolite as a substitute for the much 
more expensive chlorid of aluminium employed by Deville. Afier 
commencing his investigation he found that large quantities of Cryolite 
were to be had in Berlin at the very low price of 3 thalers—about $2,50 
—per hundred weight. It appears that the mineral was brought from 
Greenland to Stettin via Copenhagen and sold to the soap boilers under 
the name of mineral soda. By boiling with caustic lime a caustic lye 
was obtained which, as Rose observes, on account of the alumina held 
in solution is well adapted to the manufacture of some kinds of soap. 
The Cryolite proved to be of great purity.—Pogg. Ann., xcvi, 152. 

{Nore.—It may be worth while to remark that kryolite would be of 
great value in the laboratory as a means of obtaining pure fluohydric 
acid for mineral analyses. On distillation with sulphuric acid, a residue 
of sulphate of soda and sulphate of alumina would remain which could 
readily be removed from the leaden or silver retort without injury to the 
latter. I will also here make a suggestion which I think deserves at 
least a few experiments from those who have it in their power to make 
them. By igniting a silicate with an excess of kryolite it appears 
very probable that the whole of the silica would be expelled in the form 
of fluorid of silicon, in which case the quantity of silica in the min- 
eral could readily be calculated from the Joss of weight. This promises 
to furnish an expeditious and accurate mode of determining silica. Iron, 
lime and magnesia could be estimated, if necessary, in the residual 
ignited mass.—w. G. ] 

6. On the different methods of determining the strong or weak basic 
properties of an oxyd.—Upon this subject H. Rose has published a por- 
tion of a very interesting investigation which promises to yield results 
of much value in analytical chemistry. In the paper before us the 
author treats of the behavior of different bases toward the salts of am- 
monium and particularly toward sal-ammoniac. With respect, in the 
first place, to the alkalies, Rose found that beside the hydrates and car- 
bonates, the borates and silicates of soda decompose sal-ammoniac by 
boiling. Antimonate of potash forms an acid salt while a small quan- 
tity of ammonia escape. Arsenate of soda AsOs,-+2NaO gives a 
faint smell of ammonia when boiled with sal-ammoniac, which is not 
the case with arsenate of potash, AsOs.KO. The phosphates of soda 
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represented by the formulas POs .2NaO. HO and POs .3Na0O easily de- 


compose sal-ammoniac on boiling. ‘The same is the case though ina 
less marked degree with pyrophosphate of soda, POs.2NaO, and even 
with the metaphosphate, POs.NaO. That the hydrates and carbonates 
of the alkaline earths are easily decomposed by boiling with sal-ammo- 
niac is a fact with which chemists are familiar. ‘The same is true, as 
Rose finds, for the borates of lime, baryta, and strontia. Phosphate 
of lime, POs2CaO, HQ, is with difficulty and incompletely decomposed 
by long boiling with sal-ammoniac. Apatite appears to undergo no 
sensible decomposition by the same process. The native silicate of 
lime, table-spar, is slowly dissolved with evolution of ammonia by boiling 
with the salt, but the decomposition is not complete ; titanate of lime, 
Perofskite, is not dissolved even when finely pulverized. Oxalate of 
baryta is somewhat soluble when heated with a solution of sal-ammo- 
niac but no ammonia is evolved. Oxalate of strontia is much less sol- 
uble in sal-ammoniac solution; oxalate of lime scarcely at all so. 
Magnesia usta is easily dissolved by boiling with a solution of sal-am- 
moniac, ammonia being given off. Even after the magnesia has been 
exposed to the heat of a porcelain furnace and has become crystalline 
in structure, it is quite readily dissolved after having been pulverized. 
Commercial magnesia alba and the carbonate, MgOCO2+-3HO, are 
also dissolved with great ease by boiling with sal-ammoniac. On the 
other hand the native carbonate, magnesite, resists the action of the am- 
moniacal salts very obstinately, and requires long and continued boil- 
ing. Freshly precipitated Yttria is easily dissolved by heating with a 
solution of sal-ammoniac, ammonia being given off. The ignited earth 
is less easily soluble. The same is true for the mixture of the oxyds 
of Cerium, Didymium, and Lanthanum, contained in Cerite. The 
protoxyds of manganese, zinc, and iron are in like manner easily dis- 
solved, and the same is true for Galmei, carbonate and borate of zinc. 
Freshly precipitated oxyd of nickel is easily dissolved by solution of 
sal-ammoniac ; on the other hand the ignited oxyd is dissolved with 
great difficulty and in very smal! quantity. The carbonate and borate 
of nickel are also readily dissolved. Oxyd of cobalt is easily dissolved 
in sal-ammoniac solution even after ignition, but the author did not suc- 
ceed it separating it from oxyd of nickel by this means as the latter 
oxyd was always dissolved in part when associated with cobalt. Sub- 
oxyd of copper is easily dissolved by a solution of sal-ammoniac ; the 
black oxyd dissolves more slowly but completely. ‘The protoxyd and 
carbonate of lead are both slowly but completely dissolved on boiling 
with the solution. The same is true for the corresponding compounds 
of Cadmium. Protoxyd of tin is dissolved very slowly and only after 
long boiling. Oxyd of silver is rather slowly dissolved by a sclution of 
nitrate of ammonium, but the carbonate and borate are readily soluble 
in the same solution. In the presence of caustic potash or of bicar- 
bonate of soda, nitrate of ammonia converts suboxyd of mercury into 
metal and nitrate of the protoxyd. Protoxyd of mercury is quite easily 
dissolved by a solution of sal-ammoniac to a clear solution, while am- 
monia is freely given off. Protoxyd of Palladium easily decomposes 
sal-ammoniac and dissolves. The author finally cites glucina as the 
last of the bases which are capable of decomiposing a solution of sal- 
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ammoniac, and at the same time as the only one possessing a different 
atomic constitution from the bases already mentioned which enjoys this 
property. Glucina precipitated from its solution in carbonate of am- 
monia by heating is very slowly but completely dissolved by long boil- 
ing with a solution of sal-ammoniac. After ignition at a white heat, 
however, glucina is absolutely insoluble in chlorid of ammonium, but 
is completely soluble after long digestion in chlorohydric acid. In 
another notice we hope to give the conclusion of the author’s further 
unpublished researches upon this subject—Pogg. Ann., xcvi, 195, 
Oct., 1855. 

7. On quantitative determinations of sugar in urine.—Wicke and 
List1NnG have instituted a comparison of the results obtained in the de- 
termination of diabetic sugar by fermentation, by means of solutions 
of copper, and by the optical method. The general result is that the 
copper method gives about one per cent. more sugar than the method 
of fermentation, and that the optical method agrees best with the latter. 
In the absence of any absolutely accurate process it is not easy to infer 
from the investigation in question which of the three methods is to be 
preferred.—Ann. der Chemie und Pharm., xcvi, 87. 

8. On a new method of preparing Propylene.—Dvsacu has pre- 
sented to the Academy of Sciences a note upon a new method of pre- 
paring this gas which possesses much theoretic interest. When a mix- 
ture of an alkaline acetate and oxalate is distilled in such a manner 
that acetone in the nascent state is brought into contact with carbonic 
oxyd also nascent, there is a decomposition of the acetone and forma- 
tion of carbonic acid and propylene. The reaction is represented by 
the equation CeHeO2+2CO—2CO2+CeHe. As the decomposition 
of the two salts is not perfectly simultaneous an oily matter is always 
produced at the same time, and the quantity of propylene indicated by 
theory is never obtained. It is very interesting to remark that in the 
reaction above given we pass from the acetic to the propionic series— 
from a lower to a higher organic compound.— Comptes Rendus, x\i, 495. 

9. On the transformation of toluol into benzoic alcohol and into to- 
luic acid.—Cannizzaro has succeeded in obtaining the compound C14 
H7-Cl by the action of chlorine upon toluol and the fractional distilla- 
tion of the products. ‘The chlorid boils at 175°-176° C., and is iden- 
tical with chlorid of benzyl. Treated with acetate of potash, chlorid 
of potassium and acetate of benzyl! are formed, while acetate of benzyl 
boiled with an alcoholic solution of caustic potash gives acetate of pot- 
ash and benzoic alcohol, identical with that obtained from oil of bitter 
almonds. When chlorid of benzyl is boiled with an alcoholic solu- 
tion of cyanid of potassium, chlorid of potassium and cyanid of benzyl 
are formed. Cyanid of benzyl boiled with caustic potash slowly evolves 
ammonia and finally dissolves completely. The solution on addition 
of chlorhydric acid gives a crystalline precipitate of toluic acid.— 
Comptes Rendus, xli, 517. 

10. On amylic alcohol.—Pastevr has made the very interesting dis- 
covery that raw amylic alcohol consists generally of two chemically 
similar but optically different bodies. One of these bodies is active and 
the other passive with respect to polarized light, and all the compounds 
of the former are active and those of the latter passive. The propor- 
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tions of the two species differ with the source of the alcohol. The oil 
which is obtained from beet-juice contains one-third of the active and 
two-thirds of the passive alcohol; that from molasses contains about 
equal proportions of both. As the two have the same boiling point or 
very nearly so they cannot be separated by distillation. The author 
finds that the only method consists in preparing a very large quantity 
of sulphamylate of baryta from the raw oil. The crystals do not differ 
in form or in chemical constitution, but one portion is about two and a 
half times more soluble than the other. ‘The more soluble portion con- 
tains the active alcohol, which in a cylinder of 50 centimeters in height 
turns the plane of polarization about 20° to the left, while the alcohol 
prepared from the less soluble portions exerts no action whatever. The 
separation of the two baryta salts may be effected by taking advantage 
of the difference in their solubility and recrystallizing them 15-20 
times. The active salt is concentrated in the mother liquor. It is very 
remarkable that the two salts are perfectly isomorphous, and that it is 
only the difference in their solubility which enables us to separate them. 
Between the two alcohols there is a slight difference in density, the ac- 
tive oil being about ,4 5th heavier than the other.—Comples Rendus, 
xli, 296. W. G. 

11. Ultimate Analysis of certain pure Animal Oils; by J. H. 
ALexanper and Mozrit. 


Elements. 
Sp. Gr. at 649°5 F. Carbon. Spdvegee. Oxygen. 
Winter sperm oil, 0°87971 - 0°76490 - 0°12150 - 0°11360 
Lard oil, 091546 - 076658 - 0:10586 - 0°12756 
Whale oil, 092000 - O77511 - 011430 - 0-11059 


In mixing these oils, and probably all animal oils, no change of vol- 
ume occurs. The following are the specific gravities observed at and 
calculated for a temperature of 65°-25 F. of equal volumes respectively 
mixed as under 


Mixed Oils. Spec. Gravity observed. Sp. Gr. calculated. 
Winter sperm +- lard, 0:89736 0°89735 
whale, 0-89905 0-89962 
Lard + whale, 091778 0°91750 


If we assume as constant for all the mean of the respective factors 
of condensation from the original gaseous volumes into the volume of 
resulting liquid, we can calculate upon the sp. gravity of said liquid the 
proportions of the elements it should contain. The following shows the 
result of such a calculation for the carbon in each of the above: viz., 


Sperm O. Lard O. Whale O. 
Carbon calculated, 076118 - 078367 - 0°75854 
do. found, 0:76490 - 076658 - 077511 


The differences here between calculation and experiment, amount- 
ing to about 12 per cent for lard and whale oils, and % per cent for 
sperm, are attributable, 1, to certain errors of observation ; 2, to pos- 
sible error in assuming the factor of condensation as constant in the 
different kinds of oil ; and 3, to probable physical variations in the 
constitution of different samples of the same oil. These variations may, 
however, be taken provisionally as covering the whole margin indicated 
by the above differences. 

University of Maryland, Baltimore, Dec. 1, 1855. 
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Il. Borany. 


1. Alphonse De Candolle: Géographie Botanique Raisonnée, ou 
Exposition des Faits principaux et des Lois concernant la Distribution 
Géographique des Plantes de V'époque actuelle. Paris and Geneva, 
1855. 2 vols., 8vo.—We have here merely to announce this work, 
as one of the most important that has appeared of late, and one of the 
most generally interesting, as well on account of the subjects it treats 
of, as for the signal ability and thoroughness with which they are 
handled. Other demands upon our columns have prevented a full and 
early notice of these volumes. But hereafter, as time and space per- 
mit, we intend to give a detailed analysis of the work, and a discussion 
of some of the topics which it considers. A. G. 

2. Flora Indica; being a Systematic account of the Plants of Brit- 
ish India, together with observations on the Structure and Affinities of 
their Natural Orders and Genera; by J. D. Hooxer, M.D., &c., and 
Tuomas Tuomson, M.D., &c. &c. Vol. 1, (Ranunculaceae to Fuma- 
riacee,) with an Introductory Essay. London: Pamplin, 1855. 8vo. 
—One half of this volume is occupied by the Introductory Essay, in 
which a series of important general topics, akin to those discussed in 
the introduction to Dr. Hooker’s New Zealand Flora,* are treated with 
equal boldness and judgment, and with the same freshness and origin- 
ality of illustration, ‘These are arranged under six general heads, viz., 
1. The object, scope and design of the Flora Indica. 2. General con- 
siderations connected with the study of Systematic Botany. 3. The 
variation and origin of species, the effects of hybridization, and the 
geographical distribution of species. 4. Summary of the labors of Indian 
Botanists. 5. Sketch of the Meteorology of India. 6. Sketch of the 
physical features and vegetation of the provinces of India. To which 
two maps are added, one of monthly isotherms, from Dove ; the other 
a large and original map illustrating the physical geography of India 
and its botanical provinces. A complete alphabetical index to this part 
of the work is appended, as well as a detailed table of contents. 

To enumerate, even, the principal points which are discussed would 
require a space which we are unable now to devote to this subject; 
Some of them we may hope to consider hereafter in other connections. 
Among the conclusions or suggestions that strike us as most true and 
timely are—the great want on the part of many naturalists of clear and 
logical views in respect to classification and system ;—* the prevailing 
tendency on the part of students of all branches of natural history to 
exaggerate the number of species, and to separate accidental forms by 
trifling characters ;"—the unphilosophical and detrimental character of 
“the modern system of elevating every minor group, however trifling 
the peculiarities by which it is distinguished, to the rank of a genus ;” 
in other words, of considering every group of species to form a genus,— 
evincing a want of appreciation of the true value and nature of classi- 
fication ;—the fact that in the vegetable kingdom we do not discover 
that close and obvious connection between structure and function which 
is almost universally apparent in the animal kingdom, giving to physi- 


* For an abstract of which see this Journal, vol. xvii, p. 241, 334. 
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ology a greater influence over classification in zoology than in botany, 
and offering a guide to determining the relative value of structural 
characters in the one kingdom which is comparatively little available 
in the other, but yet may not safely be neglected. 

Our authors assume, as most accordant with known facts on the 
whole, that species are distinct creations, and not arbitrary assump- 
tions of the systematists; and they adopt that idea of species which 
alone appears to give to them a perfectly clear and inieiligible, dis- 
tinct, objective existence in nature, namely,—that they consist of indi- 
viduals which have originated each from a common stock. They as- 
sume not only their original, but their continued definiteness in na- 
ture; that their variations, surprising as they often are, are restricted 
within certain limits,—to which we may add that these limits are not 
a priori determinable. Among the causes inducing variation, or tend- 
ing to produce a blended series of individual forms, if such did not 
exist from the beginning, they first consider the effects of hybridiza- 
tion ; and remark that recent experiments have led to the following re- 
sults 

**]. It isa much more difficult operation to produce hybrids, even 
under every advantage, than is usually supposed. The number of spe- 
cies capable of being impregnated, even by skillful management, is very 
few ; and in nature the stigma exerts a specific action, which not only 
favors and quickens the operation of the pollen of its own species, but 
resists and retards the action of that of another ; so that the artist has not 
only to forestall the natural operation, but to experience opposition to 
his conducting the artificial one. 

“2. Even when impregnatiun is once effected, very few seeds are pro- 
duced ; still fewer of these ripen; and fewest of all become healthy 
plants, capable of maintaining an independent existence. 

“3. The offspring of a hybrid has never yet been known to possess 
a character foreign to those of its parents; but it blends those of each ; 
—whence hybridization must be regarded as a means of obliterating, 
not creating, species. 

“4. ‘Fhe offspring of hybrids are almost invariably absolutely bar- 
ren, nor do we know an authenticated instance of the second genera- 
tion maturing its seeds. 

“5. In the animal kingdom hybrids are still rarer in an artificial 
state, are all but unknown in a natural one, and are almost invariably 
barren.” 

Perhaps some of these dicta are too unqualifiedly stated; indeed 
they are manifestly intended to affirm the results to which the whole 
evidence points, rather than those which can be said to be thoroughly 
verified. 

The third proposition, however, is absolutely true ; and in connexion 
with it, well do our authors say, that all we could legitimately conclude 
is, that were hybrids of the general occurrence which some botanists 
imagine, they would have long ago obliterated all traces of species as 
definite creations ; whereas, exceptional in art, and not proven if not al- 
most impossible in nature, they cannot be assumed to have produced 
any appreciable result. ‘There is one point, however, which our au- 
thors do not take into consideration, but which should not be over- 
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looked, viz., what is generally admitted as a fact, that a hybrid may 
readily be fertilized by the pollen of either of its parents; and that if hy- 
brid plants are occasionally produced in nature, they would ordinarily 
stand a very good chance of being fertilized in this way. In such cases 
they are said to revert to the type of the species of the impregna- 
ting parent; but would they return exactly to that type, inheriting as 
they do a portion of the blood of a cognate species? And where,—as 
not unfrequently occurs—two or more generally well-marked forms in 
nature are connected by certain occasional individuals of intermediate 
character, is it not very supposable that two species may have partially 
blended in this way ? At any rate, here is a vera causa, or what passes 
as such, which requires to be taken into account, as has not yet been 
done, so faras we know. This doubtless has operated in the case of culti- 
vated plants, and contributed, along with other causes, to the inextricable 
blending of certain species. But we are not disposed to exaggerate 
its influence in nature; since we suppose, with Dr. Hooker, that wild 
plants rarely hybridize! Yet the possibility, and even the probability 
of the occurrence must not be overlooked in a thorough discussion of 
the general question of the limitation and permanence of species. 

However it may be as a blending influence, hybridization is far from 
being a considerable, or the most potent cause of the variation of spe- 
cies, since “ the offspring of a hybrid has never yet been known to 
possess a character foreign to those of its parents.” And we equally 
agree with our authors that the known facts of the case, “ especially 
warn us not to consider the influence of climate as paramount in deter- 
mining the distribution of species or the prevalence of forms,” or even 
as the most efficient cause of variation. What the cause is that the le- 
gitimate offspring does occasionally possess a character foreign to those 
of its parents we are wholly unable to say : but the fact is undoubted. 
and perhaps of more frequent occurrence than is generally supposed, 
It is usual to say that the abnormal forms originate only in cultivated 
or domesticated individuals : it*were perhaps better to say that they are 
perpetuated, or are favorably situated for continuation and full devel- 
opment, only under these circumstances, on account of the greater 
segregation : for of the very various species of plants which are culti- 
vated none are free from the tendency to “sport” into races, whether 
of ancient or recent introduction. Why their existence is so transitory 
in nature, and so capable of being continued and further developed in 
domestication, it is not difficult to imagine. Our authors perhaps, in 
common with naturalists generally, do not sufficiently recognise the 
natural tendency tc perpetuation of individual characteristics. 

As regards ordinary variation between different individuals of the 
same species, the want of due consideration of what every good ob- 
server knows to be true, has indeed “ mainly contributed to such an 
undue multiplication of species in the vegetable kingdom as botanists 
unfamiliar with large herbaria and exotic plants are slow to believe, 
and to the exaggerated estimates of the supposed known extent of the 
vegetable creation that gain common credence.” Our authors believe 
that the number is swelled one-third beyond its due extent by the 
introduction of bad species founded on habit, and on accidental varia- 
tions produced by soil, exposure, &c.; and, we would add, on the imper- 
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fection of the materials from which the greater part of the species that 
crowd our books were originally described, most of them without due 
elaboration of already published species, and drawing afier them an ever 
lengthening train of nominal species, founded on mere guesses al sup- 
posed differences from vague and incomplete descriptions, without any 
collocation of specimens, 

We have already exceeded our limits, while yet at the*beginning 
of Drs. Hooker and Thomson’s interesting and suggestive volume. We 
regret that we must omit all notice of their remarks upon hadit as indica- 
ting specific difference, which, contrary to the general view, they regard 
as * most deceptive,” —and must pass over their important section upon 
geographical disiribution in general, and its dependence upon specific 
centres. We only add, that whoever would attain a clear comprehen- 
sion of the configuration, the diverse climates, and the general botani- 
cal geography of those extensive aud widely varied regions which are 
comprised, wad in most minds confused, under the general name of In- 
dia, has only to study the admirable sections on the Meteorology of In- 
dia, and on the Physical features and Vegetation of its provinces which 
occupy a large portion of the Introductory Essay. ‘The present com- 
mencement of the Flora itself, although comprising only 15 natural 
orders, is also an inviting subject for extended comment and almost 
unqualified commendation. A. G. 

3. Bryologia Britannica; containing the Mosses of Great Britain 
and Ireland, systematically arranged and described according to the 
method of Bruch and Schimper, with illustrative plates: being a new 
(third) edition, with many additions and alterations, of ‘The Muscologia 
Britannica of Messrs. Hooker and Taylor; by Wittiam Witson. 
London : Longman, Brown, Green & Longman. 1855.—Next to the 
admirable Bryologia Europea of Bruch and Schimper, we cunsider 
Mr. Wilson’s book the most important contribution that has, within the 
last thirty years, been made to Bryology. It purports to be a third edi- 
tion of the well-known, and in its day, valuable * Muscologia Britan- 
nica” of Hooker and Taylor; of which, however, besides the repro- 
duction of the original plates, more or less emended, scarcely a fea- 
ture is recognisable. The work, all in the English language, has been 
entirely re-written, important changes made in the classification, and a 
very lurge amount of new matter added. It extends to 450 rather 
large octavo pages handsomely printed in smail type. The well writ- 
ten Introduction gives, among other things, a succinct account of the 
andreecium and gyr@ecium of a moss ;—the common Funaria hygrom- 
etrica being selected for that purpose. Next follows “an analytical 
Key to the genera, dichotomically arranged, and a synopsis to the Gen- 
era.” The 444 species described in the body of the work are distrib- 
uted into three orders, Andrewacer, Sphagnacer, and Bryacem ; each 
of the first two containing but one genus ; the last comprising 88 gen- 
era, arranged under 36 sub-orders or groups which have in view the 
collecting together of species according to their natural affinities, but 
are not defined, and indeed do not appear to admit of as neal and sat- 
isfactory definitions as similar assemblages in other closely related fam- 
ilies of Cryprogamous plants ; bul whatever may be wanting in this re- 
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spect, is amply made up in the very full and complete generic descrip- 
tions. The great merit of the work, however, is to be found in the accu- 
rate, thorough and judicious manner in which the species are elubora- 
ted, evidently the result of years of sedulous and well-directed inves- 
tigation ;—nothing is stated on the authority of others, every thing is 
submitted to the test of the dissecting-knife and the microscope. 
Throughout the work are found many valuable observations on species 
belonging to other Floras than the British. The “ illustrative plates,” 
(sixty-one in number,) containing in many cases figures of the distinc- 
tive points only of the species and sketched in outline, will be prized 
by the working Bryologist. A glossary of terms not in common use 
and an excellent alphabetical Index to generic and specific names, close 
the volume. Ww. 8. S. 
Ill. Astronomy. 


1. New Planets.—Two more planets supposed to belong to the group 
situated between Mars and Jupiter, were discovered on the fifth of Oc- 
tober last ;—one by Luther at Bilk,—which has been named Fides,— 
whose R. A. at 9 p.m. of that day was 2° 25', and Dec. +52’: and 
the other by Goldschmidt of Paris,—which has been called Atalanta, — 
which on the eighth of October at 7" 15™, was situated in R. A. 344° 
and Dec. —7° 30’.. They were observed to have a retrograde motion of 
about 15’ daily 

2. Elements of Comet 1855, [, (Astron. Nach., 961.)—Given below 
are the elements of the comet discovered by Dr. Schweitzer of Mos- 
cow on the Ilth of April last; they were computed from the Moscow 
observations of the 14th and 19th of April, and those of Hamburg and 
Aitona of May 5 


Perihelion passage, 1855, Feb. 9.3615, M. T. Berlin. 
Long. perihelion, - 224° 45' 23") App. eqnx. 
“ asc. node, - 189 39 8 » April 19. 
Inclination, - . 51 18 45 

Log.q, - - - 0°34623 

Motion retrograde. 


3. Elements of Leucothea (35), (Astron. Nach., 963.) —The following 
elements of this planet were computed by J. C. Oudemans from the 
Bilk observations of April 20, and those of Leyden of April 27 and 
May 5. 

1855, May, 0.0, M. T. Greenwic). 
Mean anomaly, 0° 26’ 
Long. perihelion, 96 59 34-6) Mn. eqnx. 
“ asc. node, : 56 20 56 -8 § Jan. 1, 1855. 
Inclination, - : 8 8 15°3 
Angle of excentricity, 15 17 ‘9 
Mean daily motion, - 706327 
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IV. INTELLIGENCE. 


1. Eruption of Mauna Loa, (from a letter addressed to J. D. Dana, 
dated Hilo, Hawaii, Oct. 15, 1855.*)—In a few days we may be called 
to announce the painful fact, that our beautiful Hilo is no more—that 
our lovely, and inimitable landscape, and crescent-bay are blotted out. 
A fiery sword hangs over us. With sure and solemn progress the 
glowing lavas advance throvgh the dark forest and dense jungle in 
our rear, cutting down ancient trees of enormous growth and sweep- 
ing away all vegetable life. 

For sixty-five ‘days the great summit furnace on Mauna Loa has been 
in awful blast. Floods of burning desolation have swept wildly and 
widely over the top and down the sides of the mountain. ‘The threat- 
ening stream has overcome every obstacle, winding its fiery way from 
its high source to the bases of * the everlasting hiils,” spreading ina 
molten sea over the plains—penetrating ancient foresis—driving the 
bellowing herds, the wild goats and the affrighted bird before its lurid 
glare—consuming all vegetable life with its “sulphureous breath, and 
leaving nothing but blackness and ruin in its track, 

On the 12th of July, | wrote you on the state of old Kilauea,t and on 
the 27th of Sept., | announced to our mutual friend, Mr. Lyman, the fact 
and the state of our present eruption. Having made my quarterly pasto- 
ral tour [ started on the second instant for the scene and the source of 
the eruption which is the theme of this letter, Our party consisted 
of Lawrence M’Cully, Esq.—a graduate of Yale and our present act- 
ing magistrate, four natives and myself. ‘Taking the channel of the 
Wailuku (the stream which enters Hilo bay) as our track, we advanced 
with much toil, through the thicket along its banks, about twelve miles, 
the first day. Here we rested at the roots of a large tree during the 
night. The next day we proceeded about twelve miles farther, for the 
most part along the bed of the stream, the water being low. During 
both of these days volcanic smoke had filled the forest and given the 
rays of the sun a yellow and baleful hue. 

At night, when the shades gathered over those deep solitudes, unbro- 
ken except by the bellowing of the untamed bull, the barking of the 
wild dog, the grunt of the forest boar, the wing and the note of the rest- 
less bird, the chirping of the insect, the falling of a time-worn tree, the 
gurgling of the rill and the wild roar of the cataract, We made our little 
bed of ferns under the trunk of a prostrate tree, and here, for the first 
time, we found that the molten stream had passed us by, many miles, 
on its way toward Hilo. But as its track was several miles to the left 
of us, and as the jungle here was nearly impenetrable, we proceeded 
the next day, up the stream, and at half-past one p. m., found ourselves 
fairly out of the forest, having been a little more than two and a half 
days in accomplishing this part of the tour. 

I cannot stop to describe the beautiful and romantic scenery along 
our winding valley gorge, the cascades, basins, caves and natural 
bridges of this wild and solitary stream. Nor car I speak of the vel- 


* Received from Rev. Mr. Coan, Dec. 18th, just before closing this number, 
¢ See this Journal, page 100. 
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vet mosses, luxuriant creepers hanging in festoons, the ancient forest 
trees and other tropical glories which were mirrored in tts limpid wa- 
ters. We needed an artist and a naturalist to fix the glowing panorama, 
and to describe its flora and fauna. Wild ecatile, dogs and hogs of the 
mountains have penetrated these forests and have appeared, of late, on 
the very confines of improvements within five miles of our bay. 

But to proceed. When we emerged from the upper skirts of the 
woods on the third day, a dense fog obsirucied our view of all distant 
objects. We encamped early in a cave, but dbring the night the stars 
ecsme out and we could see the play of the voleanic fires from the sum- 
mit to the base of the mountain and far down in the forest toward Hilo, 
The next morning, Friday, we left our cavern early, and at balf past 
seven A. M. came to the smouldering lava-stream. From this time to 
ten a. M., we walked on the right border of the siream, when we 
crossed over to the opposite side. ‘This oecupied us an hour anda 
quarter, and we judged the stream to be three miles wide ut this point, 
which, however, was one of its “ narrows.” In some places it spread 
out into wide lakes and seas, apparently from five to eight miles broad, 
enclosing, as is usually the case, little islands, not flooded by the fu- 
sion. Passing up the southern verge of the siream we found many 
trees felled by the igneous current, and lying crisped and half char- 
red upon the stiffened and smoking lava. All this day we passed up 
the stream, sometimes on it and sometimes along its margin, as the one 
or the other track was the easier or the more direct. At night we 
slept upon the lava, above the line of vegetation, with the heavens fur 
our canopy and the stars for our lamps. From this high watch-tower 
we could see the brilliant fire-works lar above and far below us, as the 
dazzling fusion rushed down its burning duct, revealed here and there 
by an opening through its rocky roof, serving as a vent for the gases. 

Early on Saturday, the 6th, we were ascending our rugged pathway 
amidst sieam and smoke and heat which almost blinded and seathed us, 
At ten, we came to open orifices down which we looked into the fiery 
river which rushed furiously beneath our feet. Up to this we had come 
to no open lake or stream of active fusion. We had seen, in the night, 
many lights like street lamps, glowing along the slope of the mountain 
at considerable distances from each other, while the stream made its 
way in a subterranean channel, traced only by these vents. From 10 
A. M. and onward, these fiery vents were frequent, some of them meas- 
uring ten, twenty, fifty or one hundred feet in diameter. In one piace 
only, we saw the river uncovered for thirty rods and rushing down a 
declivity of from 10° to 25°. The scene was awful, the momentum 
incredible, the fusion perfect (a white heat), and the velocity forty miles 
an hour. The banks on each side of this stream were red-hot, jagged 
and overhanging, adorned with burning stalactites and festooned wih im- 
mense quantities of filamentose, or capillary glass, called * Pele’s hair.” 
From this point to the summit crater all was inexpressibly interesting. 

Valve afier valve opened as we went up, out of which issued “ fire 
and smoke ard brimstone,” and down which we looked as into the 
caverns of Pluto. The gases were so pungent that we had to use the 
greatest caution, approaching a stream or an orifice on the windward 
side and watching every change or gyration of the breeze. Sometimes 
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whirlwinds would sweep along, loaded with deadly gases, and threat- 
ening the unwary traveller. After a hot and weary struggle over smok- 
ing masses of jagged scoria and slag, thrown in wild confusion into 
hills, cones and ridges, and spread out over vast ficids, we came at 
1 Pp. M., to the terminal or summit crater. 

This we found to be a low, elongated cone, or rather, a series of 
cones, sianding over a great fissure in the mountain. Mounting to the 
crest of the highest cone, we expected to look down into a great sea of 
raging lavas, but instead of this the throat of the crater at the depth 
of one hundred feet, was clogged with scoria, cinders and ashes through 
which the smoke and gases rushed up furiously from seams and holes. 
One orifice within this cone was about twenty feet in diameter, and 
was constantly sending up a dense column of blue and white smoke 
which rolled off in masses and spread over all that part of the moun- 
tain, darkening the sun and obscuring every object a few rods distant. 
So toppling was the crest of this cone, so great the heat, and so deadly 
the guses, that we could find no position where we could look down 
the throat or orifice ; and could we have done so, it is not probable that 
we should have seen the deep fountain below us, as the lavas were forced 
up its horrid chimney from the burning bowels of the earth. 1 have no 
doubt that the point at which the igneous river flowed off in ils lateral 
duct was at least five hupdred, perhaps a thousand feet below us. 

The summit cone which we ascended was about one hundred feet 
high, say five hundred feet long and three hundred broad at base. 

Several other cones below us were of the same form and general 
character, presenting the appearance of smoking tumuli along the upper 
slope of the mountain. As you descend the mountain these cones be- 
come lower and less frequent, but here they are the rims or jagged jaws 
of those orifices through which we look into that subterranean tube of 
angry fusion which hurries with such fearful speed down the side of 
the mountain. 

The molten stream first appears some ten miles below the fountain 
crater, and as we viewed it rushing out from beneath the black rocks, 
and, in the twinkling of an eye, diving again into its fiery den, it pro- 
duced indescribable feelings of awe and dread. 

This summit crater | estimate at twelve thousand feet elevation; the 
principal stream (there are many lesser and lateral ones) including all 
its windings, sixty miles long; average breadth, three miles; depth, 
from three to three hundred feet, according to the surface over which 
it flowed. 

Late on Saturday afternoon we came a short distance down the moun- 
tain, when we encamped on the naked rocks until Monday. 

Unwittingly we passed the last watering place in our ascent, on Fri- 
day morning, at seven o’clock, and having only one quart in our can- 
teen, this was our whole supply until 9 4. M. on Monday. There being 
six of us, we were soon reduced to a single spoonfull each, and this 
only at our meals. Our food being dry and hard, we suffered now a 
litle, for want of nature’s beverage. The dew which fell upon our 
garments, our food-buckets and the rocks around us congealed and be- 
came frost or thin scales of ice, and from our oil-cloth, spread for the 
purpose, we collected a few spoonsfull of the latter, while our parched 
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lips readily kissed the rocks to obiain a little moisture from the frost, 
There was snow on another part of the mountain, far below us, but it 
was not in our track. The fires had melted all in this region. 

The present eruption is between those of 1843 and 1852, and from 
our high tower we could see them both and trace their windings. 

Early on Monday we decamped and set our faces for Kilauea, dis- 

tant some thirty-five miles, hoping by a forced march to reach it at 
night. 
At eight a. M., we passed the seat of the grand eruption of 1852, 
and travelled for miles in its cinders. <A little steam, only, issues from 
that cone whose awful throat, in 1852, sent up a column of glowing fu- 
sion to the height of a thousand feet. 

At the base of this cone, on the opposite side, the ground was thickly 
powdered with a hvar frost, and so intense was our thirst that our whole 
party lay down together and eagerly licked it from the rocks and sand. 

At nine we found water, for which we gave heartfelt thanks to our 
great Shepherd. At one p.M.,a dense fog obscured our track, our 
guide lost his way, and we were obliged to encamp. 

Early on Tuesday morning we were astir, wandering through jungle 
and over rough fields of scoria, when fortunately, at half-past nine we 
found the only track which could lead us out of this cruel labyrinth. 

At half-past one Pp. M., we reached old Kilauea, where we regaled 
ourselves on Ohelo berries, water, and such stores as were left in our 
larder. 

The next day we explored Kilauea, made some measurements, col- 
lected specimens, etc., and on ‘Thursday the i ith inst. we reached Hilo, 
having been absent ten days. Kilauea is still very active, though notas 
intensely so as in months past. . 

On the mountain and in Kilauea I took the angles of several lava 
streams, one of 49°, another of 6U°, and two of 80° each. Several 
streams on the mountain flowed down banks of scoria twenty-five and 
thirty feet high. 

The fusion was complete—the streams cooled in a perfect state. 

I also saw thin strata, say one inch thick or less, which had flowed 
down the face of perpendicular rocks, adhering to the rocks like paste, 
and thus cooling. Will you say that I spoil my demonstration by prov- 
ing too much, when | assert that | saw more than one place where the 
fusion flowed on an angle of 95°—like the Indian’s tree which grew so 
bolt upright that it “leaned the other way,” thus flowing down a 
rock or bank until it came to where said rock retreated, it would 
follow the inward curve in a thin layer like molasses, adhering to the 
rock and thus cooling. It is therefore a fact capable of entire demon- 
stration that our Hawaiian lavas flow freely down every slope, from 
an angle of 30’ to a perpendicular—in the latier case in a very thin 
layer of course. At one point we saw the great igneous river flowing 
like oil down an angle of 35°, and in another place it leaped a preci- 
pice, forming a brilliant cascade. 

But I lack time and space to tell you half which we saw, and heard 
and felt. 

Hilo is now in a state of solemn and thoughtful suspense. The great 
summit fountain is still playing with fearful energy, and the devouring 
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stream rushes madly down towards us. It is now about ten miles dis- 
tant—nearly through the woods, following the right bank of the Wai- 
luku, and heading directly for our bay. 

Some are planning—some packing——many running to and fro and 
all talking and conjecturing. Never was Hilo in such a state before. 
And all is hushed, and solemn. 

Daily messengers go up to the fire, mark its progress and report. 
Nothing but the hand of Omnipotence can arrest its fearful progress, and 
save our beautiful town from utter desviation, 

Oct. 22.—1 have retained this letter until the present time, to watch the 
progress of the lava stream and to report more definitely : andl am happy 
to say, that, as yet our fears have not been realized. The great sum- 
mit crater still pours out its burning floods with unabated energy, and 
the atmosphere of the island is still loaded with smoke; every thing 
looks dingy, often baleful. The stream of fusion still glows and 
groans in the forest between us and Mauna Loa; but its intensity seems 
a litle abated and its progress retarded. Probably it is partially ob- 
structed or diverted in its subterranean passage, while the basins, ra- 
vines, gorges, etc. it fills in the w oods, together with the great forest 
which it must consume, render its progress very slow. Consequently 
the apprehensions of our people are much abated. There has been 
nothing like panic from the beginning, either among foreigners or na- 
tives; but there was an anxious look, an inquiring tone, a serious con- 
cern among all classes. ‘hese have greatly subsided: not that the 
fire is extinct, or that it is not nearer than it was two weeks ago; but 
simply that its progress for the last week has been almost imperceptible. 
Still it may come when least expected. Should it succeed in push- 
ing through the woods it will then flow down on an angle of from 1° to 
2° with little to obstruct it; or, should it dive into subterranean cham- 
bers, it may burst out unexpectedly near our shores, 

I have said that daily messengers went up to the fire and reported 
its progress. ‘This plan we commenced; but it has not been fully car- 
ried out. Several natives have been up at different times and reported 
the point where they found the stream. But their reports have con- 
flicted and have not been entirely reliable. A foreigner went up a 
few miles and returned. Others have talked of going, but rains, flood- 
ed streams and other obstacles have hindered, and an apparent abate- 
ment of action at the point nearest us has cooled the ardor of some 
who had thought to have visited the scene. 

I am hardly rested from the extreme fatigue of my recent tour, and 
so many are my professional and domestic duties, that | have found 
no time, as yet, for another exploration ; but, should the weather and 
all things favor, | purpose to start next week out through the jun- 
gle and not return without definite knowledge as to the state of the 
stream and its distance from our town. 

It is now seventy-two days since the eruption commenced, and, as 
remarked before, the fountain is in full force. The matter disgorged 
is of the same general character as in former eruptions. We saw 
nothing new. Among the salts, sulphur and sulphate of lime, are the 
most abundant. ‘They are scattered freely at several points along the 
line of flow. 
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We cannot determine satisfactorily that there is a sympathy between 
this mountain crater and old Kilauea. In my last letier | have stated 
that the latter was intensely active during the latter part of May and the 
early part of June. After this the action gradually moderated until the 
summit crater broke out, and it remains now much as it was then, 
There are now about a dozen open lakes of raging lavas in Kilauea, 
extending in two semi-circular lines from the great fountain lake—AHa- 
lemaumau—along the eastern and western sides of the crater, and evi- 
dently furming vents to igneous subterranean canals which are carrying 
the incandescent floods from this great active vent to the northern parts 
of the crater, sometimes overflowing this region and sometimes heav- 
ing up the ponderous superincumbent strata, like the surface of an agi- 
tated ocean. ‘The great dome over Halemaumau, is swept uway, and 
a raised and jagged rim from 20 to 60 feet high, now encircles it. ‘The 
fusion may be 100 feet below. The movement of the streams north- 
ward, is distinctly seen through the valves or vents mentioned above. 
The great central plateau, of 200 feet elevation, as mentioned in my 
last letter, is now nearly covered with fresh lava from the overflow. 
ing of its fiery zone—or of that half which surrounds it, and to which 
the recent action has been confined. ‘This belt or lava zone has been 
raised from 100 to 200 feet since April, Ist, by uplifiing forces ; 2d, 
by successive overflowings. 

The commencement of this eruption is mentioned in an earlier letter 
from Mr. Coan, addressed to Rev. C. S. Lyman, of this place. 1]t is dated 
Hilo, Sept. 27, 1855. He says: 

“On the evening of the llth of August, a small point glowing like 
Sirius, was seen at the height of 12,000 feet on the northwestern s'ope 
of Mauna Loa. ‘This radiant point rapidly expanded, throwing off cor- 
ruscations of light, until it looked like a full orbed sun.” ‘The sequel 
is described in the letier above. 

2. Earthquake at Japan, (Asiatic Society, in “ Overland China 
Mail.”)—Dr. Macgowan read a paper on recent Physical Phenomena in 
China and Japan. ‘The communication related to the Earthquake at 
Simoda, which appears in many of its features tv have resembled that 
which destroyed Lisbon in 1775, when the lakes of Scotland were sud- 
denly elevated, and the sea at Maderia rose to a prodigious height.— 
Thus, the late earthquake at Japan was followed by a rise of the in- 
land waters of Chihkiang in China, and by an extraordinary receding 
and subsequent elevation of the sea at the Bonin Islands. ‘The appear- 
ance of * white hairs,” as they are styled by the natives, following earth- 
quakes in China, was alluded to; and it was suggested that they are a 
salt formed by the emission of vapor and sulphuric acid coming in 
contact probably with alumina in the earth. Notice was made also of 
the rise and subsidence of a volcanic island near Formosa in 1854; of 
showers of dust in the China Sea; and of the high temperature of the 
Formosan current. The thanks of the Society were voted to Dr. Mac- 
gowan for his valuable paper. 

3. Coal in China, (Asiatic Society.) —Dr. Macgowan gave some in- 
formation relative to a journey he had lately made to the Bohea hills, 
in the interior of Fihkeen province, to examine the anthracite mines 
in the coal measures of that district, near the head of the “ Nine Drag- 
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on” river. The mineral is sometimes found equal to the best American 
variety, and can be landed at the port of Amoy at $44 perton. At 
present, only a small quantity is produced, chiefly however on account of 
the limited demand that exists for it, as the natives employ it only in the 
burning of lime ; the smelting furnaces of the adjacent iron mines not 
being furnished with a sufficiently powerful blast to allow of anthracite 
being used in them. He could not speak positively of thé extent of the 
coal fields, but, judging from the enquiries he had made, he thought 
any amount might be procured, especially when the natives become 
betier acquainted with the art of mining. Dr. Macgowan remarked, 
that at this time, when the steam navigation of the Chinese waters is 
becoming so much extended, every accessible locality of coal becomes 
extremely important, and should be visited and explored as far as pos- 
sible. 

Specimens of the coal and accompanying shales were exhibited, and 
Dr. Harland stated that some fragments of fossils in the specimen of 
the “* Under-clay” which he had examined, appeared to be identical 
with similar remains of Stigmaria from corresponding strata of the car- 
boniferous series of England and the United States. 

4. On Raindrop marks; by J. Wyman, (Proc. Bost. Soc. Nat. Hist., 
Nov., 1855, p. 253.)—Prof. Wyman’s investigations show that ordinary 
rain-marks are characterized by the existence of radiating lines around 
the circumference of the impressions ; which are caused by fragments 
of the drops, as they are dispersed, often impinging upon the plastic 
surface. 

If a mass of water is thrown into the air, and allowed to fall on soft 
clay, the form of the impression will depend upon the condition of the 
drops at the time of contact. In descending, the drops assume the 
following forms, viz.: first, that of a flattened sphere; second, that of 
a cup with the concavity downwards ; third that of a ring; and fourth, 
those of two or more spheres formed by the rupture of the ring. 

If the sphere be above a certain size, the impression presents a re- 
ticulated appearance in the centre, with radiating lines around the cir- 
cumference. ‘The impression formed by the cup is reticulated in the 
centre without radiating lines. ‘The ring forms an impression corres- 
ponding with its shape, with radiating lines on its inner border, and 
sometimes on its outer border. 

Prof. Wyman thought that rain-marks could be distinguished from 
those of spray. 

The rain-mark is modified by the condition of the surface on which 
it strikes; if the latter is hard, or of coarse material, the minuter de- 
tails are not shown. On examining the fossil rain-marks, he had not 
found that the radiating lines were preserved. They were doubtless 
destroyed by the drifting in of the new material by which they were 
covered up. In other respects, they resembled recent rain-marks, and 
could be accounted for in no other way, than by the contact of drops 
of falling water. 

5. New mode of cleaning Diatomaceous deposils; by Prof. J. W. 
Baitey.—Having found the following method of cleaning diatomaceous 
deposits, more speedy and efficacious than any other I have tried, I re- 
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commend it to all those who may have occasion to prepare specimens of 
the siliceous organisms in soundings, guano, mud, &c. Dissolve out 
the lime compounds, if present, by means of nitric or chlorohydric acid, 
wash and filter. Then put the moist contents of the filter into a porce- 
lain capsule with enough strong sulphuric acid to make of the whole a 
fluid mass. Heat the capsule over a spirit lamp until the organic mat- 
ters are all charred, and continue the heat until strong acid fumes are 
evolved. Keep the capsule hot, and add in minute portions at a time 
finely powdered chlorate of potassa. If the acid is hot enough to give 
off fumes, the chlorate will be immediately decomposed without the 
accumulation of explosive gases, and it will exert so powerful an ox- 
ydizing action that in a few moments a carbonaceous maierial as black 
as ink will become perfectly clean and colorless. Nothing now will 
remain t> be done, but to wash off the acid which is best done by the 
addition of water and repeated decantations. I also would advise that 
the materials thus cleaned should not be dried, but should be kept in 
bottles with a little alcohol, which prevents their felting together, and 
does not allow the growth of the byssoid plants which ofien develop in 
water. 

It is necessary to caution those not familiar with chemistry against 
using the chlorate of potassa with sulphuric acid in any other way than 
above directed, as violent and dangerous explosions might result. The 
process as above given is perfectly safe, and very effective. 

6. Influence of light on the disengagement of carbonic acid by ani- 
mals, (LInstitut, No. 1132.)—M. J. Mocescuotrt has placed some frogs 
in a glass tube and exposed them to a current of air containing no car- 
bonic acid, first exposed to reflected sun-light, and then in the dark. 
He finds that the quantity of carbonic acid given out by the frog in 
the reflected light is one-quarter more than in the dark, other conditions 
being the same. The same experiment repeated ona rainy day ob- 
tained hardly an appreciable difference between the amount of car- 
bonie acid given out and that in the dark. 

7. Fall of Meteoric Stones.—A fall of meteoric stones took place 
near Bremervorde a short distance from Hamburg, on the 13th of May 
last, at 5 o’clock, p.m. It took place during a storm accompanied by 
thunder and lightning. A number of the stones have been found. One 
of them weighed nearly 7 |bs., another 34 Ibs., a third two-thirds of a 
pound. They were covered with a black crust apparently the effect of 
fusion. In the fracture, the stone has a gray color, and shows se veal 
minerals, among which there is a large quantity of native iron and 

rites. 

8. Rotascope of Prof. Walter R. Johnson.—This instrument de- 
scribed by the late Prof. Johnson in the 21st volume of this Journal, 
1832, has been recently noticed in a paper in L’Institut for Nov. 15, 
1855, (Paris,) in an article describing Foucault’s gyroscope, (see this 
Journal [2], xv, 263, and xi, 141). Prof. Johnson’s instrument is 
one of great beauty and utility, as a means of philosophical illustra- 
tion ; and’ it derives increased interest from its anticipating some of the 
peculiarities of the gyroscope. 

9. Zeuglodon.—Mr. Kocn, who formerly exhibited a skeleton of 
the Zeuglodon, in New York and other places, which has since reached 
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the Royal Museum at Berlin, Prussia, has recently obtained another, 
including the head, which he now has mounted at St. Louis. As it 
stands, it is 90 feet long. The bones of the former one were not all 
of one individual. ‘The new one is said to be far more perfect and all 
of the same animal. 


10. The U. S. Naval Astronomical Expedition to the Southern Hem- 
isphere, during the years 1849-’52, Lieut. J. M. Gilliss, Superintendent, 
with Lieut. A. MacRae, Acting Master S. L. Phelps, and Captain’s 
clerk E. R. Smith, Assistants. Vol. 1.—Chile, Its Geography, Cli- 
mate, Earthquakes, Government, Social Condition, Mineral and Agri- 
cultural Resources, Commerce, &c.; by Lieut. J. M. Gituiss, A. M., 
Mem. of the Amer. Phil. Soc., etc. Illustrated by maps and plates. 
Washington, 1855.—This important volume is the first part of the Re- 
port by Lieut. Gilliss, relating to the recent expedition to Chile. It 
gives in a popular style, an account of the country and its people, in- 
cluding details respecting the Earthquakes of that portion of South 
America. It presents first an account of the topography of the coun- 
try, and then proceeds to its political divisions and resources, its cli- 
mate, earthquakes, etc. The general reader, political economist, geog- 
rapher, and historian, will find in this volume by Lieutenant Gilliss, an 
attractive and instructive work. 

Volume II, consists of a series of Chapters connected with the re- 
sults of the Expedition, as follows: 

1. The Andes and Pampas, an account of two journeys by different 
passes across the Andes,—the Uspullata and Portillo passes—by Lieut. 
Mac Rae—67 pp. 

2. Minerals and mineral waters of Chile, by J. Lawrence Smith. 

3. A description of the Indian antiquities brought from Chile and 
Peru with numerous illustrations, by Tuomas Ewsanx. 

4. Mammals, (with a fine plate of the Chlamyphorus truncatus,) by 
8. F. Barro. 

Birds, (with colored plates of Falco nigriceps, Psaracolius curus, 
Agelaius thilius, Sturnella militaris, Chrysomitris marginalis, Calliste 
cyanicollis, C. larvata, C. gyroloides, C. Desmarestii, Euphonia rufiven- 
tris, Chlorophonia occipitalis, Ericornis melanura, Scytalopus fuscus, 
Psittacus ochrocephalus, Bernicla antarctica, B. magellanica, Querque- 
dula creceoides, Fuligula metopias, Phalacrocorax brasilianus,) by 
J. Cassin. 

6, 7, 8. Reptiles and Fishes, (with figures of many species) and also 
descriptions of two species of Crustacea, Rhyncocinetes typus, and an 
Zglea, by C. Girarp. 

9. List of Shells brought home by the expedition, by A. A. Goup. 

10. Botany, by A. Gray. 

11. Palzontology: Description of a portion of the lower jaw and a 
tooth of the Mastodon Andium, and also a tooth and fragment of the 
femur of a Mastodon from Chile, by Jerrries Wyman ; some remarks 
on the organic remains from Chile with descriptions of the Species, by 
T. A. Conran. 

Such contributions to knowledge are most honorable to our Govern- 
ment, as well as to the Expedition, and all who have here united their 
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labors; and eminently to Lieut. Gilliss, who has carried forward his 
duties with ability and zeal. The Astronomical portion of the work is 
yet to be published. 

We have room at this time only for a single citation, from Volume I. 

Antuco.—An hour's ride brought them to a rough granite ridge 
some three hundred feet high, from the top of which the view was 
magnificent: io front, Antuco, black and desolate ; to the southward, 
Sierra Belluda, a lofiy, rugged, and Alpine pile, white with eternal 
snows, down whose sides innumerable cascades dash headlong to the 
valleys; to the north, a lower though picturesque range of mountains ; 
and at their feet the river Laja, here a small but romantic stream foam- 
ing through a deep gorge, its volume augmented at short intervals by 
torrents that fall over nearly vertical cliffs. At the foot of this ridge they 
entered upon volcanic scoria, volcunic sand, ashes, and other eviden- 
ces of former explosions. Over this they traveled for about three hours, 
to a massive stream of hardened lava, the outpouring of some previous 
eruption. Beyond it, there is a belt of vegetation, with grass and wild 
strawberries ; and a little farther on, another though a smaller stream 
of scoriaceous lava. Ascending the cone of an extinct crater, perhaps 
three hundred feet high, the new crater was immediately before, and 
the lake of La Laja below them, to the eastward. Here they intended 
to have passed the night, in full view of the burning mass; but a sud- 
den storm of rain drove them to the trees fur shelier. From thence 
they witnessed the glare, but heard no explosions during the night ; and 
early on the following morning ascended a hill, from which there was 
a better view than was permitied from that to which the rain had driv- 
en them. 

Antuco is a regular cone, with sides inclined at an angle of 45°. It 
is covered with snow perpetually for about one-third of the distance 
from its apex downwards; and showers of sand and ashes, thrown out 
at intervals, keep «t blackened. ‘Though perceptible at no great dis- 
tance, the light and smoke from its summit are incessant, and have 
been witnessed from time immemorial. The last eruption formed two 
small craters, about two-thirds of the height of the mountain up the 
northern side ; and the current of descending lava has dammed up the 
outlet of the lake by a solid wall more than 250 yards wide and 15 yards 
thick. This is black as the volcano itself, and, with the other analo- 
gous masses in the vicinity, presents a grand, almost terrible, scene of 
desolation. In the midst of snow-peaked mountains, without a tree on 
its margin, or a fowl on its surface, the lake seemed lifeless; indeed, 
the whole locality was apparently marked for the display of nature’s 
wildest phenomena—a gloomy and inhospitable region, whose silence 
is rarely broken except by the thunders of the volcanos, the violence of 
storms, or the whoops of wandering Pehuenches. 

The eruption had nearly ceased when they arrived. There were 
occasional small descending streams like molten iron, but no violent 
outbursts. At the same time there was heard a noise resembling the 
rolling of a cart-load or rather of a hundred cart-loads of iron over 
a rough road, as if broken masses of rock were josiling one another in 
a war for supremacy in the bowels of the earth. 
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11. Spherical Astronomy; by W.H. C. Barrtetrr, LL.D., Prof. 
of Nat. and Ex. Phil., at West Point; pp. 465. New York, 1855: A. 
S. Barnes & Co.—This work is worthy of the present state of the sci- 
ence, and us a text-book for the higher classes in colleges, it hus no 
equal in this country and perhaps none in the language. 

The peculiarities of the work seem to be these: instead of the geo- 
metrical explanations, to which we have been accustomed in our Astro- 
nomical text-bouks, of various phenomena such as the tides, the stations 
and retrogradations of the planets, their phases, and the changes of the 
seasons, the author deduces the effects analytically, and the explana- 
tion is contained with great neatness in the analytical formule aud their 
interpretation. The elements of the planetary orbits are deduced with 
much conciseness and beauty, the more difficult investigations being 
made in the Appendix and their results introduced in the text. The 
great improvements of modern science in this particular are here 
brought within the reach of every diligent student. 

In explaining the* projection of a solar eclipse, the author leaves the 
observer upon the earth instead of obliging him to transport himself to 
the sun. Obviously, the first is the superior method of explanation ; 
while for a complete investigation of the whole subject of eclipses, Mr. 
Woolhouse’s paper is published in the Appendix. 

We renlly possess in this work what the author has endeavored to 
present, “* a concise course of Spherical Astronomy in its relationship 
to Celestial Mechanics, of which it is the offspring.” 

The book is very handsomely published. Several well executed 
plates of instruments, of planets and remarkable nebula add much to 
its value and beauty. 

12. Report of the Superintendent of the Coast Survey, showing the 
Progress of the Survey during the year 1854; 92 and 288 pages, 410 
with 58 maps and plates. Washington, 1855.—The Annual Report 
of the Coast Survey, besides being an announcement of the progress of 
the survey, illustrated by maps, has become a repository of researches 
in Physics—researches carried on through the personal labors of Prof. 
Bache, and an able corps under his direction. ‘The tides, oveanic 
currents, and modifications produced from year to year on the ocean’s 
borders, are among the grandest problems before us relating to our 
planet, Their study falls necessarily into connection with a Coast 
Survey ; and no part of the duties require profounder attainments in 
physical science. These subjects are receiving full investigation, in the 
Survey, and the Report for 1854 contains many maps and pages of text 
illustrating the important results thus far reached—resulis which have 
an immediate practical bearing as well as scientific interest. Some of 
these papers from this and others of these Reports are cited in the early 
part of this number. ‘The volume also exhibits great progress in the 
Surveys ; and the maps published are numerous and beautiful. 

13. Results of a Series of Meteorological Observations made in 
obedience to instructions from the Regents of the University at sundry 
Academies in the state of New York, from 1826 to 1850, inclusive : 
compiled from the original returns of the annual reports of the Re- 
gents of the University ; by Franxuin B. Hoven, A.M., M.D., Cor- 
responding Member of the N.Y. Historical Society. Published by 
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Legislative Authority. 502 pp., 4to, with 3 plates and a map of the 


staie.—Dr. Hough has performed an important service to Meteorology 
in his labors over this volume. All the various meteorological obser- 
vations made through the state under the direction of the Regents of 
the University, are here reduced and tabulated, for the thermometer, 
winds, weather, etc., and apparently with great care and skill. The 
present number of stations is 62. The Tables of each station are giv- 
en separately, for each month through the series of years, together with 
a recapitulation of results, and comparisons of the Temperature, 
Winds, Rains, etc.—After thus going through with all the stations, 
there is a general summary for the state in several different tables. 
There then follows, a detailed table of Auroras, made out both from 
—— observations and from data gathered from various sources at 
ome and abroad. Both their frequency at stations and the extent 
of particular Auroras are mentioned as far as ascertained, and besides, 
descriptions of some of special note. The observations of Capt. Le- 
froy and others in Canada are included, so that the tables have a con- 
tinental value. The volume isa beautiful specimen of typography and 
is every way creditable to the state under whose patronage Dr. Hough 
has carried forward his labors. 

14. Wharton and Stillé on Medical Jurisprudence. A Treatise on 
Medical Jurisprudence by Francis Wuarton (author of “ A ‘Treatise on 
American Criminal Law,” &c. &c.) and Moreton Stipe, M.D, (Lec- 
turer on the principles and practice of Medicine &c.,) Philadelphia, 
Kay and Brother, Law Booksellers and publishers. 1855. 8vo, pp. 815. 
—This is an original and truly valuable work reflecting much credit 
on its authors and upon this department of American science. ‘The 
learned treatise of Dr. Beck upon the same subject has long been justly 
esteemed by those whose duties as teachers or medical jurists have led 
them to study its contents. ‘The present work covers ail the important 
ground occupied by the former with superior method and compactness, 
while it is much fuller in American references both medical and judicial. 
It enjoys the singuiar advantage of being the joint production of two 
authors—a jurist and a medical man, both skilled in their respective 
departments. The great abuse of the plea of insanity in recent times 
has given much importance to a critical and searching analysis of this 
subject. Accordingly we find more than one-fourth of the whole vol- 
ume devoted to two chapters,—mental unsoundness in its legal rela- 
tions, and mental unsoundness considered psychologically—io which 
this subject is considered in all its relations in a most able manner. 
Dr. Stille in his portion of the work (of which we feel ourselves better 
able to speak than of the labors of his learned colleague) has shown 
great good sense and taste in the brief references he makes to the well 
known and historical iliustrations of European origin, and with which 
all readers of Christison, Taylor and Orfila are familiar. He thus 
avoids encumbering the work with superfluous matter (to which, how- 
ever, exact reference is made in all important cases) and makes room 
for new or less familiar examples and philosophical or critical analyses. 
It is a source of constant regret in the perusal of the present work that 
the untimely death of Dr. Stille should have deprived medical science 
= a mind so able and well-balanced in the early morning of his use- 
ulness. 
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15. Geological Survey of Missouri—First and Second Annual Re- 
ports; by G. C. Swatiow, State Geologist. 204 and 240 pp., 8vo, 
with many plates and sections.—This volume is an important publication 
on the geology of the West, although the work of but cighteen months’ 
exploration. The state of Missouri is nearly one-half larger than New 
York, and a complete account of its geology cannot be expected for 
many years. It is to be hoped that the survey may be carried to its 
full completion. The value of such researches to the science depend 
on exactness of detail and a thorough exhibition of the paleontology. 
The survey is developing the mineral resources of the state, bringing 
to light its wealth in iron, coal, lead, and other metals, in marble, build- 
ing stone, materials for cements and other important purposes of the 
arts. The volume contains, Ist, the Report of Mr. Swallow, 207 pages ; 
2d, the Reports of Dr. Litton, Mr. Meek, Mr. Haven and Dr. B. F. 
Shumard, Assistants, the last also Palzontologist. Besides the other 
plates, there are three plates of fossils. 

16. The Year-Book of Agriculture, or the Annual of Agricultural 
Progress and Discovery for 1855 and °56, exhibiting the most import- 
ant discoveries and improvements in Agricultural Mechanics, Chemis- 
try, Botany, Geology, Zoology, etc., together with Statistics of Ameri- 
can Growth and Productions, a list of recent agricultural publications, 
classified tables of American Agricultural Patents for 1854 and °55, 
a catalogue of fruits, adapted to the different sections the country, with 
a comprehensive Review by the editor of the Progress of American 
and Foreign Agriculture for the year 1855; illustrated with numerous 
engravings; by Davin A. Wetis, A.M. 400 pp. 8vo. Philadelphia : 
Childs and Peterson.—This volume contains much valuable informa- 
tion, and is calculated to disseminate agricultural knowledge through 
the country. The book is of a popular character, and does not enter 
profoundly into the chemistry of agriculture, while at the same time 
devoting many pages to facts in that line. 

17. Esquisse Géologique du Canada, pour servir a Vintelligence de 
la carte géologique et de la collection des Minéraux économiques en- 
voyées @ I’ Exposition Universelle de Paris, 1855; by W. E. Loan, 
Memnber of the Royal Society of London, etc., and T. Srerry Hunt, 
Member of the Geological Society of France, &c. 100 pp., 12mo. 
1855. Paris: H. Bossange et Fils.—This volume on the geology of 
Canada, by Messrs. Logan and Hunt, is intended as explanatory of a 
geological chart of Canada now in course of publication at Paris, and 
of the Canada geological collections at the Paris Crystal Palace. The 
government of Canada with great liberality have sent a full and most 
interesting representation of the mineral and other products of the 
country to the Paris exhibition, and Mr. Logan and Mr. Hunt are in 
Paris in connection with the Canada commission. ‘The progress of the 
Geological survey of Canada has always been viewed with great inter- 
est in this country and abroad, and with much satisfaction that it is in 
the hands of those so able and so determined to make it a thorough 
survey. The work though brief, gives an excellent outline of the geo- 
logical features and formations. ‘The map, we have reason to believe, 
will be a fine one, in style much in advance of the geological maps of 
this continent hitherto published. 


q 

q 

q 

ere 

i 

d 
3 
bat 


152 Miscellaneous Intelligence. 


OBITUARY. 


Dr. T. Romeyn Beck.—We are pained to announce the death of 
Dr. ‘T. Romeyn Beck, which occurred at Albany, N. Y., November 19, 
1855. He was born in Schenectady, N. Y., Aug. 11, 1791, and gradu. 
ated at Union College in 1807. He studied medicine, and in 1815 
he was appointed Professor of the Instituies of Medicine in the College 
of Physicians and Surgeons of Western New York. In 1817 he was 
appointed Principal of the Albany Academy, which place he held at 
the time of his death. He was also for many years Secretary of the 
Board of Regents of the University of the State of New York. He 
was distinguished for his cultivation of the liberal sciences, but is most 
widely known by his valuable treatise on Medical Jurisprudence, a 
work which has passed through four editions in America, and four in 
England, and has been translated into the German, 


Srray Leaves rrom tue Book or Nature: by M. Schele de Vere, of the Uni- 
versity of Virginia. 291 pp.,12mo. New York: G. P. Putuam & Co. 

J. W. Dawsox: Acadian Geology. An account of the Geological Structure and 
Mineral Resources of Nova Scotia, and portions of the neighboring Provinces of 
British America. Small 8vo. 1855. Edinburgh: Oliver & Boyd. 
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